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Developmental Biology 271 (2004) 548–630Abstracts: Society for Developmental Biology 63rd Annual Meeting1. Imaging the Patterning of the Vertebrate Embryo. Scott E. Fraser. In addition to facilitating multidimensional tracking in living embryos,Caltech, Pasadena, CA 91125.
The explosion of progress in the fields of cell biology, genomics, and
molecular biology has offered unprecedented knowledge of the components
involved in embryonic development. The dramatic progress of these
reductionistic approaches poses the challenge of integrating this knowledge
into an understanding of developmental mechanics. Advanced imaging
techniques offer a link between these disparate approaches, permitting
questions about cellular and molecular events to be posed in the most
relevant setting of the intact embryo. Confocal and two-photon laser
scanning microscopies (CLSM and TPLSM) permit cells to be followed
as they migrate in the intact embryo. In vivo imaging of multiple labels
should offer the ability to test the proposed mechanisms by following
different GFP color variants on multiple molecular species in the same cell.
Multispectral approaches involve acquisition of the spectrum of the emitted
light from each pixel, followed by decomposition into its component parts
by simple mathematics. Fluorochromes as similar as GFP and fluorescein
can be separated unambiguously, and even small amounts of FRET can be
detected. Recent innovations permit laser scanning at very fast frame rates
to follow cellular and molecular dynamics in vivo. In parallel, experiments
employing microscopic MRI permit deeper imaging by using radio fre-
quency energy to excite the protons of the water. Spatial resolution is
created by imposing gradient magnetic fields on the specimen, thereby
making it possible to encode the signals from individual volume elements
(voxels) by their resonant frequency and phase. It has become possible to
increase the resolution of MRI from the 1-mm voxels of a clinical
instrument to approximately 10 Am.2. Technicolor Mice: Tools for Investigating Mammalian Development.
Kat Hadjantonakis. Sloan-Kettering Institute, New York, NY 10021.
The emergence of genetically encoded fluorescent proteins, together with
advances in optical imaging technology, is pushing the envelope of biological
imaging by allowing direct visual access to events in situ. The various strains
of mice being developed represent a powerful toolbox for visualizing and
quantifying biological processes that will ultimately lead to an explosion of
multidimensional in vivo data and the future development of ‘‘living’’
atlases.
We are using and developing mice to visualize events as they take place
in situ in embryos, and are cataloging the stereotypical dynamics of cell
behavior and fate in normal and mutant contexts. Our data should provide a
framework for contrasting and ultimately understanding the differences
observed in mutants. To do this, we have developed a series of genetically
encoded spectral variant fluorescent protein reporters that are subcellularly
localized in addition to variants that act as biological sensors. We are using
transgenic or gene targeting approaches to generate a panel of mice that
selectively label different populations of cells of interest with these
reporters. Our focus is on early post-implantation embryogenesis where
we are imaging the morphogenetic movements leading up to, and associ-
ated with, gastrulation and somitogenesis. We are contrasting normal
morphology and behavior with that in mutants with defects in these
processes.0012-1606/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.ydbio.2004.05.002these mice are being used as integral components of additional intercon-
nected experimental approaches, including isolating tagged cells for expres-
sion profiling, and identifying new mutants in ENU-based genetic screens.3. Marking Cell Lineages. Andras Nagy. Samuel Lunenfeld Research
Institute, Mount Sinai Hospital, Toronto, Canada.
To follow differentiation of cells during development or adult regener-
ation or renewal processes is not a simple task. There is often no specific
marker identifying a cell lineage along its complete trace. Instead, a temporal
series of specific markers or the lack of certain gene expression is represent-
ing a particular lineage. If these markers are known and easy to detect, they
can be used to characterize the fate of a progenitor or a stem cell. However, to
follow all the descendents of a given progenitor, there is a need for a unique
identifier, which is both characteristic to the progenitor under study and
retained in the derivatives as well. The variety of approaches providing these
identifiers is the subject of this talk.4. Monitoring Synapses in Fluorescent Mice. Jeff W. Lichtman. Harvard
University, Cambridge, MA.
My colleagues and I use transgenic mice that express fluorescent
proteins in neurons to monitor the remodeling of synaptic circuits that
takes place in the developing nervous system. This remodeling plays a
critical part in the way young animals use experience to mold their nervous
systems to conform to the world they live in. Our work focuses on the
synaptic connection between motor neurons and muscle fibers. In adults,
each muscle fiber is innervated by exactly one motor neuron and at just one
site, the neuromuscular junction. Each motor neuron, however, distributes
its innervation to several muscle fibers. This pattern emerges in early
postnatal life as synapses of different motor neurons that initially multiply
innervate neuromuscular junctions are eliminated. Time-lapse imaging in
vivo of muscles in which different axons express different colored fluores-
cent proteins reveals the way neuromuscular junctions undergo the transi-
tion from multiple to single innervation and motor axon branches are
removed. 2P laser axotomy shows that the elimination is driven by
competition between axons that transiently co-occupy synaptic sites. Serial
TEM implicates a role for glia in the removal process.
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Complex Data. Eppig T. Eppig. The Jackson Laboratory, Bar Harbor,
ME 04609.
Abstracts 549The mouse is an exceptional model for studying human biology because
it is a mammalian system in which all life stages can be accessed and there
are myriad genomic tools available for comparative and experimental
manipulation. The Mouse Genome Informatics Database (MGI, http://
www.informatics.jax.org) supports biological knowledge building for the
laboratory mouse by integrating and providing access to data ranging from
sequence to phenotype. Core data include extensive gene characterization,
mutant phenotype descriptions and associations with human diseases and
syndromes, DNA and protein sequences, gene expression data, especially
for developmental stages, strain and polymorphism data, genetic and
comparative maps, and comparative gene data for mouse, human, rat, and
other mammals. As an integration nexus for mouse genetic, genomic, and
biological data, MGI allows users to pose complex biological queries. Two
key aspects of such an integrated resource will be discussed: (1) the
principles and challenges of integrating data, which, in turn, enable new
hypothesis generation and knowledge discovery; and (2) the importance of
structured vocabularies and standards in describing complex biology such
as development, phenotype, and disease in a way that will support
computational analyses as well as human-friendly access. Applications of
these to comparative analysis among mouse, human, and rat to leverage
new species knowledge will be given. (MGI is supported by NIH grants
HG00330, HG02273, HD33745, HL64541, and CA89713.)6. Genome-wide Discovery of Transcription Units and Functional
Elements in Arabidopsis. Joseph R. Ecker. The Salk Institute, La
Jolla, CA.
Complete genome sequences are now available for a wide variety of
organisms and many more are on the way! To carryout functional analysis in
these organisms, accurate determination of gene structures and complete
gene inventories will be essential. Computational gene prediction methods
are improving but alone are inadequate for new gene discovery and accurate
annotation of genomes, in particular for certain gene classes such as non-
coding RNA genes. New approaches are required to identify the entire
complement of transcription units (protein coding and noncoding) and their
associated regulatory elements. We are pursuing empirical approaches to
decode this information using the genome sequence of Arabidopsis, enabling
more rapid assessment of the biological functions of the approximately
30,000 predicted plant genes. Unbiased mapping of the transcription units is
being carried out using third-generation Affymetrix whole genome tiling
array (WGA) technology. The high-resolution transcription unit location
information is being used to guide the construction of a complete, expression-
ready, gene inventor. We have also begun to utilized WGAs as a ‘‘universal’’
data-gathering platform for capturing a variety of types of genome-scale
information, including the chromosomal locations of DNAmethylation sites,
chromatin or transcription factor binding sites, and for discovery of genome-
wide allelic variations among geographically isolated Arabidopsis acces-
sions.When coupled with transcriptomemapping data, these unbiased sets of
genome-wide regulatory information will begin to allow the construction of
an integrated set of cellular or molecular connectivity maps for Arabidopsis.7. Genomic Approaches to the Identification of the Genetic Bases of
Phenotypic Variation. Michele Morgante. Universita’ di Udine, 33100
Udine, Italy.
The genomics revolution of the past 10 years has improved our under-
standing of the genetic make up of living organisms. Together with the
achievements represented by complete genomic sequences, high-throughput
and parallel approaches are available for the analysis of transcripts, proteins,
and induced mutants. All this information allows us to understand the
function of genes in terms of their relationship to the phenotype. However,
it is even more important to understand the relationship between sequence
variation in and around genes and phenotypic variation in traits, rather thanjust between a gene and a mutant phenotype. The relationships between
natural trait variation, which is mainly quantitative in nature, and molecular
diversity of genes can be studied based on a genomic approach. The
understanding of the molecular basis of quantitative variation has benefited
from new genomic approaches tomapping quantitative trait loci (QTL) and to
defining haplotype multiplicity of concerned genes. A limited number of
quantitative trait nucleotides (QTNs) responsible for QTL variation have
been so far described, but an acceleration in their rate of discovery is expected
with the adoption of linkage disequilibrium and candidate gene strategies to
QTL fine mapping and cloning. Additional layers of regulatory variation
have been studied that could also contribute to the molecular basis of
quantitative traits. Among these, we include genetic epistasis, RNAi, micro-
RNAs, and different types of cis-regulatory variation. New types of variation
are being unveiled that reaffirm the plasticity of genomes and organisms. We
will discuss all these aspects using maize as a model species.8. High-throughput RNAi Screens in Drosophila Cells. Nobert Perrimon.
Harvard Medical School, Boston MA, Howard Hughes Medical Institute,
Chevy Chase MD.
The completion of the genome sequences of several organisms, including
yeast,C. elegans,Drosophila, and humans, has now given us the opportunity
for the first time to look comprehensively at gene functions not only in
specific organisms but also across species. Further, the evolutionary conser-
vation between species generates important insights into the functional
organization of cellular pathways. Thus, the most critical step following
the completion of full genome sequences is to develop methodologies that
allow the systematic and rapid analysis of gene functions generated by these
large-scale projects. To characterize gene functions on a genome-wide scale
in Drosophila, we have generated in collaboration with Dr. Renato Paro’s
group (Heidelberg, Germany) a library of 21,000 double-stranded RNAs
(dsRNAs) directed against all predicted open reading frames. This resource
can now be used to conduct high-throughput cell-based RNA interference
(RNAi) screens to identify genes involved in various assays. Treatment of
Drosophila cells in culture with dsRNAs readily leads to partial or complete
elimination of the corresponding cellular protein. Using robotic technologies,
this library of dsRNAs can be screened rapidly in specific cell-based assays.
These screens provide a powerful methodology to identify all the proteins
encoded by the genome that interfere with a specific assay (Kiger et al., 2003,
Journal of Biology 2, 4; Boutros et al., 2004, Science 303, 832–835). Results
from several screens will be presented.9. Two Medical Challenges for the Developmental Biologist. Mark C.
Fishman1,2 and Jeffrey Porter1. 1Novartis Institutes for BioMedical
Research, Cambridge, MA 02139; 2Harvard Medical School, Boston,
MA 02115.
Challenge 1: organogenesis rejuvenation of tissue—whether for em-
physema, heart failure, or cirrhosis—requires we move beyond molecular
strategies for cell fate to those for organ growth, form, and physiological
function. Challenge 2: drug discovery revelation and validation of appro-
priate molecular targets launch the decade-long process toward a new drug.
All of today’s drugs, in total, hit an estimated 1–10% of potential targets.
Despite this apparent open field, the number of new drugs is actually
dwindling. Clearly, improvement of this process will take more than a
genomic catalog. Can developmental biology provide a novel epistemology
to revolutionize drug discovery.10. Directing the Differentiation of ES Cells: Insights from Neural
Development. H. Wichterle and T. M. Jessell. HHMI/Columbia Univ.,
NY.
Abstracts550Inductive signals and transcription factors involved in motor neuron
generation have been identified, raising the question of whether these
developmental insights can be used to direct stem cells to a motor neuron
fate. This presentation will discuss evidence that developmentally relevant
signaling factors can induce mouse embryonic stem (ES) cells to differen-
tiate into spinal progenitor cells, and subsequently into motor neurons,
through a pathway recapitulating that used in vivo. ES cell-derived motor
neurons can populate the embryonic spinal cord, extend axons, and form
synapses with target muscles. Thus, inductive signals involved in normal
pathways of neurogenesis can direct ES cells to form specific classes of
CNS neurons. Ongoing studies to examine the differentiation of neurons
from ES cells will be discussed.11. Control of the Drosophila Cellular Immune Response to Parasiti-
zation. Alain Vincent,1 Miche`le Crozatier,1 Jean-Michel Ubeda,2 and
Marie Meister1,2. 1Centre of Developmental Biology, CNRS/Univ.
Toulouse, France; 2IBMC, CNRS, Strasbourg, France.
The Drosophila immune response involves three types of hemocytes, of
which one, the lamellocytes, only differentiate in response to specific
conditions such as parasitization by wasps. We show here that Collier
(Col), the Drosophila ortholog of vertebrate Early-B Cell Factor (EBF), is
required for lamellocyte differentiation upon parasitization. Col is
expressed very early in the lymph gland, the larval hematopoietic organ.
This expression foreshadows a specific posterior region in this organ, the
PSC (posterior signalling center; Lebetsky et al., 2003). In wild-type larvae,
Col expression remains restricted to the PSC following parasitization,
despite the massive production of lamellocytes. This, together with the
induction of lamellocyte differentiation by Col overexpression, leads us to
propose that Col endows PSC cells with the capacity to relay an instructive
signal orienting hematopoietic precursors toward the lamellocyte fate in
response to parasitization. Brought together with the role of EBF in
lymphopoiesis, these findings suggest new possible parallels between
cellular immunity in Drosophila and vertebrates.12. Regulation of Segmental Patterning in Xenopus Embryos. Chris R.
Kintner and Tanya Moreno. Salk Institute, San Diego, CA 92186.
Somites, the segmented building blocks of the vertebrate embryo, arise
one by one in a patterning process that passes wavelike along the
anteroposterior axis of the presomitic mesoderm (PSM). We have studied
this process in Xenopus embryos by analyzing the expression of the bHLH
gene Thylacine1, which is turned on in the PSM as cells mature and
segment, in a pattern that marks both segment boundaries and polarity. This
segmental gene expression was analyzed by identifying a PSM enhancer
that recapitulates the Thylacine1 expression pattern. In addition, the
response of the PSM enhancer to retinoic acid and the FGF signaling
pathway reveals a complex genetic interaction that underlies the establish-
ment of segmental polarity and the positioning of segmental boundaries.
The nature of this interaction and the conservation of the PSM enhancer
among vertebrate species will be discussed.13. Function and Expression of the Proprotein Convertase Amontillado
During Drosophila Growth and Development. Michael Bender,
Steven Jocoy, and Lowell Rayburn. Univ. of Georgia, Athens, GA
30602.
Biosynthesis of many neuropeptide hormones requires proteolytic
excision of active peptides from inactive precursors, an activity carried
out by subtilisin-like proprotein convertases (SPCs). The Drosophila
amontillado (amon) gene encodes a homolog of the mammalian PC2protein, an SPC that functions in the regulated secretory pathway in
neuroendocrine tissues. amon mutants display partial embryonic lethality,
are defective in larval growth, and arrest during the first to second instar
larval molt. Periodic heat shock-induced amon expression results in rescue
of amon mutants to fertile adults. Mutant phenotypes following removal
of heat shock at different developmental stages indicate that amon is
required during larval molting, puparium formation, and during pupal
development for head eversion, leg and wing extension, and abdominal
differentiation. Immunolocalization experiments show that amon protein is
expressed in a subset of central nervous system cells but does not
colocalize with peptide hormones known to elicit molting behavior,
suggesting the involvement of novel regulatory peptides in this process.
The amon protein is expressed in cells innervating the corpus allatum, an
endocrine gland that releases juvenile hormone (JH), suggesting that amon
may function in the regulation of JH synthesis or release. Finally, amon
protein and Drosophila insulin-like peptide 2 (DILP2) are colocalized in
the medial neurosecretory cells of the brain, suggesting that amon
functions in the insulin signaling pathway. Our results suggest that the
amon protein processes a diverse suite of peptide hormones coordinating
growth and development.14. Combinatorial Control of Gene Expression During Organ Devel-
opment in C. elegans. Helen M. Chamberlin, Hongtao Jia, Ryan W.
Johnson, Vandana Rajakumar, Sama F. Sleiman, Rong-Jeng Tseng,
Xiaodong Wang, and Guojuan Zhang. Ohio State University, Colum-
bus, OH 43210.
Pax transcription factors play an important role in organ development of
all animals. As many Pax factors participate in the development of several
organs, an important question is how a given factor contributes to different
developmental outcomes in different cells. In general, it is the recognition
of different genes as targets that allows one factor to achieve distinct
outcomes. Thus, to understand the molecular mechanisms of how Pax
factors coordinate organ development, it is important to identify the target
genes as well as the other factors that participate in target gene selection.
We have investigated these features of Pax proteins using the C. elegans
Pax factor EGL-38. egl-38 plays a role in the development of several organ
systems, including the digestive system, excretory system, egg-laying
system, and male mating structures. Our genetic and molecular studies
have allowed us to identify EGL-38 targets and factors that function with
EGL-38. We have found that tissue-preferential mutant alleles of egl-38 all
correspond to amino acid substitutions within the DNA binding domain.
These mutations limit the potential targets for EGL-38 by altering the DNA
binding properties of the mutant protein. In addition, we have identified
both positive and negative acting factors that contribute to the selection of
tissue-specific target genes.15. Genetic Network Controlling Blood Cell Development in Drosoph-
ila. Robert A. Schulz, Richard P. Sorrentino, Joong Lee, and Kathleen
Gajewski. MD Anderson Cancer Center, Houston, TX 77030.
Hematopoiesis is a complex developmental process that involves stem
cell generation, followed by the commitment of multipotent progenitors
and the differentiation of mature blood cells within distinct lineages.
Seminal to these events is the coordinated regulation of hematopoietic
transcription factors that function combinatorially to direct lineage-spe-
cific gene expression. A hematopoietic system exists in Drosophila, and
recent studies have demonstrated that genes essential for blood cell
development in the fly represent functional homologues of certain
hematopoietic factors found in higher eukaryotes. Concerning transcrip-
tional regulators, the utilization of fly genetics has allowed for the
functional analysis of the GATA factor Serpent, Friend of GATA factor
U-shaped, and Runx-related protein Lozenge in blood cell specification
Abstracts 551and differentiation. We are characterizing the specialized roles of Serpent,
U-shaped, and Lozenge in the distinct cellular events of embryonic and
larval hematopoiesis, and conducting a genome-wide screen for genes
that function in crystal cell specification and differentiation. Our screen
has uncovered three interesting phenotypes thus far: vast overproduction
of blood cells, strong diminution of hemocyte populations, and abnor-
mally located blood cells. Since recent studies have demonstrated a
compelling cross species conservation of genes controlling hematopoiesis,
the characterization of these known transcriptional regulators and newly
identified genetic players should provide needed insights into the genetic
network controlling blood cell production and their disorders, including
leukemia in humans.16. amfos is a New Gene Required for Fos Function During Drosophila
Development. Juan R. Riesgo-Escovar,1 Nestor O. Nazario-Yepiz,1
Teresa Pen˜a-Rangel,1 and Luis M. Salgado-Rodriguez2. 1Mexican
National Autonomous University (UNAM), Quere´taro 76230, Me´xico;
2CINVESTAV, Me´xico, D.F., Me´xico.
amigo de fos (amfos) is a new gene required for embryonic and
imaginal development in the fruit fly Drosophila melanogaster. Mutations
in this gene are embryonic lethal, with a dorsal open phenotype. The dorsal
open phenotype (a hole in the dorsal aspect of the embryo) occurs when the
lateral epithelium fails to change shape and stretch over the amnioserosa
and close the embryo dorsally. Mutations in Jun-N-terminal kinase (JNK)
pathway genes have this mutant phenotype, since the JNK pathway controls
the changes in cell shape in the lateral epithelium. The Drosophila
homologues of jun and fos genes are required for this process. Since the
dorsal open phenotype is easy to score, this makes Drosophila a very useful
system in which to study and characterize the JNK pathway genes, since the
JNK pathway, an evolutionarily conserved signaling pathway, is still not
completely characterized. We have isolated and characterized mutations in
amfos, and shown that it interacts with fos very closely, as it shows
nonallelic noncomplementation with it, and its mutant phenotypes pheno-
copy closely fos mutant phenotypes. A complete characterization of this
gene will be presented.17. To Degrade or Not to Degrade: Regulation of GLH Protein Levels.
April M. Orsborn, Wensheng Li, and Karen L. Bennett. Univ. of
Missouri, Columbia, MO 65212.
By targeting proteins for degradation, the germline may maintain a
delicate balance required for fertility. Both excess and absence of
critical proteins have dire consequences in the germline of the nematode
Caenorhabditis elegans. The COP9 signalosome (CSN) complex regu-
lates protein stability in many organisms with phosphorylation of
substrates crucial for targeting proteins for degradation. A component
of the CSN complex, CSN-5, was identified as binding the C. elegans
germline helicases (GLHs). Members of the GLH family are constitutive
components of P granules, non-membranous aggregates of protein and
RNA that pattern the C. elegans embryo, segregating with the germline
lineage throughout development. The proper regulation of GLH-1 seems
critical for the mitotic–meiotic transition and for subsequent meiotic
progression. Elimination of CSN-5 using RNA interference (RNAi)
results in a phenotype like that seen after glh-1/4 combinatorial RNAi.
Loss of either CSN-5 or GLH-1/4 causes small, under-proliferated
gonads and sterile worms. The GLHs also bind KGB-1, a novel
MAP kinase. Levels of GLH-1 are greatly increased in the kgb-
1(um3) deletion strain, which exhibits temperature-sensitive sterility
and endomitotic replication of oocytes (EMO) at 26jC. Pull-down
experiments have shown that KGB-1 cannot bind to GLH-1, lacking
a portion of its C-terminus. This region of GLH-1 contains a MAP
kinase docking site and a putative phosphodegron, both of which KGB-1 may use in its control of GLH levels. Based on evidence of CSN-5/
KGB-1 interactions from RNAi and pull-down experiments, we predict
CSN-5 may block KGB-1-mediated GLH-1 degradation.18. abd-A Regulates the Specification and the Differentiation of the
Genital Disc in Drosophila melanogaster. Audrey E. Christiansen and
Bruce S. Baker. Stanford University, Stanford, CA 94305.
We are examining how the sex determination hierarchy controls the
male- and female-specific development of the genitalia in Drosophila
melanogaster. Adult genitalia are formed from the genital disc, which
consists of three primordia derived from abdominal segments A8, A9, and
A10 in the embryo. These primordia proliferate and differentiate in a sex-
specific manner to form the genital and anal structures. The different fate of
each primordium is controlled by both its sexual and segmental identities.
Three different Hox genes are expressed in the genital disc: abdominal-A
(abd-A), Abdominal-B (Abd-B), and caudal. We present the first evidence
that abd-A is directly required for the development of the genitalia. We
show that there are two requirements for abd-A in genital disc develop-
ment: (1) it is required in the embryo to specify a subset of cells that form
the genital disc; and (2) it is required in the larval genital disc in the A8
primordium where it is essential for the formation of the internal female
genitalia. In addition, we have identified a gene that is repressed by abd-A
in the genital disc; removal of this gene in an abd-A mutant background
suppresses the defects in the formation of the female genitalia associated
with reduced levels of abd-A. Analysis of this interaction indicates that
abd-A regulates the differentiation of cells in the A8 primordium of the
genital disc and likely also regulates the proliferation of cells in this
primordium.19. Regulation of Developmental Timing in Plants by miRNAs. Scott
Poethig, Christine Hunter, Mee Yeon Park, Angela Peragine, Gang Wu,
and Manabu Yoshikawa. University of Pennsylvania, Philadelphia, PA
19104.
Genes that regulate the timing of the juvenile-to-adult transition in
Arabidopsis have been identified by screening for mutations that accel-
erate the appearance of adult-specific leaf traits. Among the genes
identified in these screens are the miRNA nuclear export receptor
HASTY and the Argonaute gene ZIPPY. Two other genes with mutant
phenotypes identical to that of zip have also been identified. Microarray
analysis revealed a small group of genes whose expression is increased
by all three mutations. Our results indicate that one of these upregulated
genes promotes vegetative and reproductive phase change, and is
negatively regulated early in shoot development by a miRNA. Mutations
that suppress the zip mutant phenotype have also been identified and
may represent other direct miRNA targets involved in vegetative phase
change.20. miRNAs Specify Dorsoventral Polarity during Leaf Development.
Michelle Juarez and Marja Timmermans. Cold Spring Harbor Labora-
tory, Cold Spring Harbor, NY 11724.
Establishment of dorsoventral polarity is a key step during organogen-
esis. In leaves of higher plants, this asymmetry is specified through the
polarized expression of class III homeodomain-leucine zipper (hd-zipIII)
genes. The maize hd-zipIII family member rolled leaf1 (rld1) is normally
expressed in the vasculature and on the dorsal side of leaf primordia.
During primordium development, the rld1 expression domain becomes
increasingly more restricted to the nondetermined cells near the leaf
margins. The polar expression of rld1 in the leaf is set up by a micro-
Abstracts552RNA-directed RNA interference-like process. rld1 contains a complemen-
tary site for miRNA166. Disruption of this site, as in dominant Rld1 alleles,
leads to persistent rld1 expression on the ventral side and formation of
dorsalized leaves. To examine whether miRNAs can establish patterns of
tissue differentiation during development, we used in situ hybridization to
compare the rld1 and miRNA166 expression patterns. miRNA166 initially
accumulates immediately below the incipient leaf but subsequently in a
progressively expanding pattern complementary to rld1. These results
suggest that miRNA166 constitutes a developmental signal whose expres-
sion pattern specifies dorsoventral polarity in the leaf. Moreover, the
progressively expanding expression pattern of miRNA166 during leaf
development suggests that miRNA166 may form a movable signal that
emanates from a signaling center below the incipient leaf. miRNAs with
complementarity to developmentally important regulatory genes have also
been identified in animals, suggesting they constitute a conserved class of
developmental signaling molecules.21. WNT Regulation of Myogenesis Requires PKA and CREB. Alice
Chen,1 David Ginty,2 and Chen-Ming Fan1. 1Carnegie Inst. of Wash-
ington, Baltimore, MD 21210; 2JHU School of Medicine, Baltimore,
MD 21205.
Mammalian skeletal muscle originates from segmented mesoderm
called somites. Somites receive inductive signals from the neural tube
(NT) and surface ectoderm (SE) for expression of three genes that are
essential for initiation of the muscle program: Pax3, MyoD, and Myf5.
WNT1, expressed in the dorsal NT, and WNT7a, expressed in the SE, can
induce expression of these genes in somite explant assays. However, the
signaling component(s) mediating WNT-directed myogenesis has not been
defined. We show here that PKA and its phosphorylation target transcrip-
tion factor CREB are required for WNT-mediated myogenesis. Pharma-
cological reagents that activate PKA stimulate, while adenovirus-based
gene delivery of dominant-negative forms of PKA and CREB inhibit,
WNT-mediated myogenesis in somite explants. Within the embryo,
phosphorylated CREB specifically stains somitic regions where myogenic
genes are initiated. Moreover, WNT1 and WNT7a can stimulate CREB
phosphorylation and CREB-mediated transcription. The role of CREB in
myogenesis is further supported by compromised myogenic gene expres-
sion in CREB mutants. This partial myogenic defect is likely due to
compensation by CREB-related family members, ATF-1 and CREM. To
address this, we developed a new technique for targeted delivery of a
family wide dominant-negative CREB adenovirus to the somite via
microinjection, followed by ex vivo culture. This virus severely inhibits
myogenic gene expression, demonstrating that the CREB family is
required for myogenesis. Our findings provide evidence for a novel
aspect of WNT signaling, in which PKA/CREB act downstream of
WNT to direct myogenic gene expression.22. Segmental Patterning of the Vertebrate Axis. Olivier Pourquie.
Stowers Institute for Medical Research.
The vertebrate body can be subdivided along the anteroposterior
(AP) axis into repeated structures called segments. This periodic pattern
is established during embryogenesis by the somitogenesis process.
Somites are generated in a rhythmic fashion from the paraxial mesoderm
and subsequently differentiate to give rise to the vertebrae and skeletal
muscles of the body. We have shown that a molecular oscillator, called
the segmentation clock, underlies the segmentation process in verte-
brates. This clock drives the dynamic expression of cyclic genes in the
presomitic mesoderm and requires Notch and Wnt signaling. Whereas
the segmentation clock is thought to set the pace of vertebrate segmen-
tation, the translation of this pulsation into the reiterated arrangement of
segment boundaries along the AP axis involves FGF signaling. The FGFpathway controls the positioning of the wavefront, which corresponds to
the level of the presomitic mesoderm where cells respond to the clock.
fgf8 mRNA is only transcribed in tail bud precursors, and it progres-
sively decays in newly formed paraxial mesoderm cells, thus forming a
dynamic mRNA gradient. This mRNA gradient is then translated into a
graded FGF signaling response used to position the wavefront. This
mechanism provides an efficient means to couple the spatiotemporal
activation of segmentation to the posterior elongation of the embryo.
Recent research focused on the molecular characterization of the
segmentation clock and on how the clock and the wavefront interact
to specify segment boundaries in the presomitic mesoderm will be
discussed.23. The Scientific Teacher: Approaching Teaching with a Research
Mindset. Bill Wood. MCD Biol, Univ. of Colorado, Boulder, CO.
Many SDB members who teach undergraduate biology courses are
unaware of recent progress among educators, psychologists, and cogni-
tive scientists in understanding how people learn. These findings show
clearly that teaching approaches involving student inquiry and interac-
tive engagement in classes are substantially more successful than
traditional lecture– recitation methods in promoting meaningful under-
standing and retention of course concepts. Recent technologies, such as
audience response devices (‘‘clickers’’) and web-based course manage-
ment software, allow implementation of personalized, interactive instruc-
tion even in courses with large enrollments, with little extra effort on
the part of the instructor. Will our biology students actually learn more
as a result of these methods? We should approach this question as
scientists, in the same way that we would approach any other research
problem, by developing reliable assessments of student learning and
using them to determine the effectiveness of our teaching in promoting
student learning gains. Reliable assessments have been developed by
physicists who have used them to validate the above claims. We need
to develop similar assessments for biology. Even if awareness of
educational advances is raised and reliable assessments are developed,
teaching of undergraduate biology is unlikely to improve unless the
system is changed to reward and value superior teaching and to
encourage professional development of university faculty. Some sugges-
tions for promoting change will be discussed, and ‘‘clickers’’ will be
demonstrated.24. Creating Tools for Education and Scientific Visualization. Carey R.
Phillips. Bowdoin College, Brunswick, ME 04011.
Howard Gardner wrote a guide for the practical application of his
research on how people learn, Multiple Intelligences: The Theory in
Practice (1993). Gardner argues for an individualized educational experi-
ence because of the different ways we learn and the increasing amount that
we need to learn. He also insists on learning style neutral assessment
strategies. We created adaptive learning technologies that provide person-
alized instruction and feedback for each student based on their particular
learning styles. It is designed to help each student understand their learning
strengths and weaknesses, and facilitate a strategy across all learning styles.
Each piece of content is associated with formative assessment exercises that
mirror the learning style the student is currently using. As students interact
with course materials, a profile of student activity is generated that modifies
the presentation of course content accordingly. Visualizing spatial – tempo-
ral information is an important problem in teaching. Virtual reality environ-
ments can be used to visualize information. Models of virtual embryos
function as animated three-dimensional maps of patterns of gene expres-
sion. The virtual embryo is wrapped in a matrix of cells. Students collect
data on patterns of gene expression and fill-in the cells. The patterns are
published to a database. Students pick the genes they wish to visualize, and
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movie of the patterns of gene expression.25. Evolving Effective Courses and Curricula through the Biology
Concept List (BCL) and Inventory (BCI). Michael W. Klymkowsky
and Kathy Garvin-Doxas. U. Colorado, Boulder, CO 80309.
Teaching is impacted by the economics of salaries, time, and
facilities. Given the limited resources available, an important but often
unanswered question is, do the teaching approaches used lead to
effective student learning? The paradigmatic Force Concept Inventory
(FCI) has been used to measure student comprehension of Newtonian
concepts of force; it has had a transforming effect on accepted practices
in physics education primarily because it revealed the ineffectiveness of
traditional lecture-based methods (Hake, 1998). We are building an
analogous, albeit more ambitious, Biology Concept Inventory (BCI) to
cover the conceptual foundations of modern biology. Based on the
Biology Concept List (BCL) (http://www.bioliteracy.net/Statements/Con-
ceptZone.html) we are using short (approximately 100 word) essays and
in depth student interviews to identify common misconceptions that can
be used as ‘‘distracters’’ in a customizable multiple choice BCI. The
BCL can also be used as the basis of a ‘‘home-grown’’ assessment
instrument, following the model proposed by Wright et al., 1998.
Finally, we have developed a simple rubric through which the BCL
can be used to compare courses for the purposes of content analysis,
course comparison, and curriculum construction (http://www.bioliteracy.
net/CourseContent/Mapping.htm).
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tive. Robert L. DeHaan. Emory University, Atlanta, GA 30322.
Recent reports from the National Research Council and other blue-ribbon
boards and committees have discussed important findings about learning,
assessment, and instructional strategies. In his presentation, DeHaan will
discuss questions such as: What has recent research in education and the
cognitive sciences told us about undergraduate instruction and student
learning in the sciences? What changes are needed in institutions of higher
learning to improve science teaching? What benefits does information
technology have to offer? What important research questions are ripe for
investigation? Through an interactive discussion informed by research in
learning and neuro-cognition, participants will explore some of the major
issues in this fast-moving field.27. Developmental Biology: The Study of Life in Four Dimensions.
Leon Browder. Univ. of Calgary, Alberta, Canada.
Developmental biology is one of the most diverse fields of biological
investigation because it encompasses virtually every biological discipline
from Anatomy to Zoology. But what distinguishes developmental biology
from all its constituent disciplines is the dimension of time; developmental
biologists thrive on change. More recently, the concept of change has
broadened to encompass evolutionary time. By embracing a multidisciplin-ary approach to studying embryonic development, developmental biologists
were among the first systems biologists. The tools of informatics, genomics,
proteomics, andmolecular imaging have recently provided investigators with
unprecedented opportunities to understand the living world and its ontogeny.
The complexity of contemporary research in developmental biology creates
opportunities and challenges for those of us who communicate development
to students. We have the opportunity to broaden our students’ perspectives
while we have the challenge of integrating information obtained through
several diverse disciplines. Furthermore, the moral and social consequences
of applying the fruits of research in developmental biology are becoming
more acute than ever before. What an exciting time to be introducing
developmental biology to a new generation of students! We cannot even
begin to imagine what they will accomplish during their careers.28. Homeobox Genes in Arabidopsis and their Epigenetic Regulation.
M. Byrne,2 C. Kidner,1 and R. Martienssen1. 1Cold Spring Harbor Lab,
Cold Spring Harbor, NY 11724; 2John Innes Center, Colney Lane,
Norwich UK.
Hox genes in animals are expressed in discrete domains in early
development, responding to a suite of morphogens responsible for axis
specification. Gene expression patterns subsequently come under epigenetic
control, retaining a memory of early patterning events long after the signaling
responsible has ceased. In plants, TALE class homeobox genes, such as
SHOOTMERISTEMLESS, BREVIPEDICELLUS, and BELLRINGER are
expressed in the early embryo where they specify the shoot apical meristem,
from which postembryonic organs derive (Byrne et al., 2003a,b). These
genes interact in a network with the SANT domain gene ASYMMETRIC
LEAVES1 and the LOB domain gene ASYMMETRIC LEAVES2 to maintain
the distinction between stem cells and founder cells in postembryonic
development (Byrne et al., 2003a,b). PHABULOSA, REVOLUTA, and
PHAVOLUTA belong to another class of homeobox genes, the HD-ZIPIII
class, and are expressed on the dorsal side of the leaf, as well as in
meristematic domains. These genes specify leaf polarity by determining
dorsal (adaxial) fate. RNA interference silences these genes via ARGO-
NAUTE1 and microRNA, but only in the ventral (abaxial) domain, thus
specifying leaf polarity (Kidner et al., 2004). These expression patterns may
also be maintained by epigenetic marks. The role of epigenetic mechanisms
in each of these pathways will be discussed.
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Robb Krumlauf. Stowers Institute, Kansas City, MO 64110.
The Hox gene network plays a fundamental role in patterning axial
structures and regional identity during vertebrate development. Our major
focus has been to elucidate the functional roles and the gene regulatory
network involving Hox genes during neural development. The hindbrain is a
complex coordination center in the vertebrate CNS and an important source
of patterning information that influences the generation of head and facial
structures. The formation of regional diversity in the hindbrain is achieved
through a process of segmentation, whereby neural tissue is transiently
divided into seven segmental units, termed rhombomeres. Each rhombomere
defines a lineage-restricted cellular compartment that allows each segment to
adopt a unique set of molecular and cellular properties. This segmental
organization is critical for patterning of the cranial neural crest and establish-
ing tissue interactions essential for proper head development. Using genetic
Abstracts554approaches, we have demonstrated that Hox genes play multiple roles in
diverse aspects of segmentation. Using evolutionary comparisons combined
with experimental embryology and transgenic analyses, we have begun to
build a picture of the tissue interactions, signals, and transcriptional regula-
tory components upstream of the Hox cascade that modulate their expression
and function. Using techniques that allow genetic marking, lineage tracing,
and tissue transplantation in cultured embryos, we are able to dynamically
analyze gene expression and cell behaviors in the developing head. This
provides new insight into the plasticity of cellular patterning and tissue
interactions required to control head morphogenesis.30. Why Should Devo Care About Evo-Devo? Brian K. Hall. Dalhousie
Univ., Halifax NS B3H 4J1.
Evolutionary developmental biology (evo-devo) is one of the fastest
growth areas in biology today. Why is this so? I will attempt to answer this
question in several ways. First, I will provide an overview of the field, its
aims, and its history. The roots of evo-devo are both recent (the 1970s) and
ancient (the 1870s), and adventitous-evo-devo is rooted in more fields than
embryology and developmental biology. Then I will outline themajor aims of
the field. The essential aim is to understand how changing developmental
process contributes to the morphological change during evolution, where the
morphological change may be extra bristles, a new type of appendage (wings
or tetrapod limbs), or a new type of body plan. Such features can be studied
using numerous approaches and perspectives already used by developmental
biologists, including, comparative analyses of embryos and ontogenies; gene
expression, networks, cascades, and function; and cell and extracellular
matrix properties and functions. But evo-devo is distinguished by integrating
these approaches with life history, environmental and evolutionary analyses
(including the analysis of fossils), conducted within the framework of a
robust phylogeny of the group under study. Each of these aspects will be
illustrated from recent studies from both vertebrate and invertebrate devel-
opment—including the origin of the neural crest in craniates, cheek pouches
in pocket gophers, and phenotypic plasticity in rotifers—to illustrate why
developmental biologists should care about evo-devo. Evo-devo emerges as a
field with the potential to provide the elements of a far more integrative
biology for the 21st century than was available in the 19th or 20th.31. The Evolution of Arthropod Pattern Formation. Nipam H. Patel. UC
Berkeley and HHMI.
Pattern formation is particularly well understood in the model species
Drosophila melanogaster. Arthropods, however, display remarkably diverse
modes of early embryogenesis and striking variations in morphology. I will
present our efforts to examine early events of pattern formation in the
amphipod crustacean Parhyale hawaiensis, focusing on gastrulation and
segmentation. Analysis of both themorphological events of development and
the expression patterns of various genes reveals striking similarities and
differences between insect and crustacean development. For example, unlike
Drosophila, the formation of crustacean segments is correlated to a precise
pattern of cell division. Nevertheless, Parhyale segmentation appears to
utilize orthologs of several Drosophila segmentation genes, although some
are expressed quite differently between the two species. Furthermore, we are
developing several techniques that make this crustacean system amenable to
experimental analyses.32. Evidence from Sponges and Jellyfish of Early Evolution of Sensory
Gene Families—Data from Six Genes. David K. Jacobs. UCLA, Los
Angeles, CA 90095-1606.
Homeodomain genes involved in sensory and neural differentiation form
basal branches of homeodomain gene trees, leading to the prediction thatthese genes evolved early and should be found in basal Metazoa. In
confirmation of this perspective, we report the recovery of homologs of sine
oculis from all cnidarian and sponge classes as well as optix from cnidarians.
RT-PCR results suggest that these genes are preferentially expressed in the
sense organ-bearing tissues of the jellyfish Aurelia. These results are
consistent with observations of other ‘‘basal’’ homeodomain-containing
genes including members of the POU/homeodomain group. The presence
of these genes in sponges and cnidarians argues for the evolution of
functional group of organized sets of ciliated cells with sensory properties
early in the evolution of metazoan development. Genes involved in bilaterian
axial organization and differentiation, such as engrailed andmany of the Hox
genes, evolved later than the genes involved in sense organ development
discussed here. This has implications for the selection of model systems for
comparative study of metazoan sensory features. Some basal taxa used in evo
devo studies such as Hydra and Nematostella have proved useful in the
assessment of axial organization in Cnidaria, but they lack sense organs.
Similarly, fresh water sponges may be inappropriate for studies of sensory
structures observed in the larval development of more typical of marine
sponges. Multiple basal metazoan models will likely prove useful, as no
single taxon represents all the organs and life history stages of interest.33. Nematostella: A Model Outgroup for Bilaterian Evolution. Patrick
M. Burton,1 Kevin Pang,2 Cassandra Krone,1 Mark Q. Martindale,2 and
John Finnerty1. 1Boston Univ.; 2Univ. of Hawaii.
The ancestral bilaterian was a triploblastic animal with two orthogonal
axes: the anterior–posterior axis and the dorsal–ventral axis. The starlet sea
anemone Nematostella vectensis is a member of the phylum Cnidaria, the
likely sister group to Bilateria. Nematostella is a diploblastic animal with
two orthogonal axes: the oral –aboral axis and the directive axis. We studied
the gene expression patterns of Hox genes, a decapentaplegic ortholog, and
multiple mesoderm-specification genes in Nematostella to investigate pat-
terning homologies between Cnidaria and Bilateria. Within Bilateria, Hox
genes play a critical role in patterning the AP axis while dpp is required for
patterning the DV axis. Five Hox genes and a dpp ortholog have been
identified within Nematostella. The Hox genes are expressed in staggered
axial domains along the primary body axis. Dpp is expressed asymmetrically
along the directive axis. The expression of these genes along the oral–aboral
and directive axes is reminiscent of their staggered expression along the AP
and DV axes of bilaterians, respectively. Like other members of Cnidaria,
Nematostella lacks the mesoderm. We investigated the expression of seven
genes whose bilaterian homologs are implicated in mesodermal specification
and the differentiation of mesodermal cell types (twist, snail-a, snail-b,
forkhead, mef2, a GATA transcription factor, and a LIM transcription
factor). Expression of these genes is largely restricted to the endoderm,
suggesting that (1) these genes play a role in endoderm specification and
patterning, and (2) the mesoderm and endoderm of triploblastic animals are
derived from the endoderm of diploblastic animals.34. The Choanoflagellate Transcriptome: Insights into Animal Origins
and Evolution. Nicole King. Department of Molecular and Cell
Biology and Department of Integrative Biology, University of Califor-
nia, Berkeley.
The evolution of multicellular animals from a unicellular protozoan
remains a mystery unresolved by the fossil record. Recent phylogenetic
analyses reveal a group of protozoa, the choanoflagellates, as the closest
relatives to animals and as such, a new lens through which to examine the
evolution of development. Through comparisons of expressed genes from
choanoflagellates and animals, we are investigating the genetic and cell
biological foundations of animal origins. Although choanoflagellates are
primarily single-celled, we find that they express homologs of a surprising
diversity of animal signaling and adhesion genes, including cadherins, C-
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the TK signaling pathway. Whereas TK signaling in animals is intimately
linked with multicellularity (e.g., during development and cell –cell com-
munication), its activity in choanoflagellates may provide insights into the
biology of the unicellular progenitor of animals. The profile of tyrosine
phosphorylated proteins in choanoflagellates changes rapidly in response to
starvation and subsequent feeding, suggesting a role for choanoflagellate
TKs in physiological responses to environmental cues. Additionally, TK
signaling in choanoflagellates may regulate cell division, as inhibition of TK
activity disrupts proliferation. The deployment in unicellular choanoflagel-
lates of genes required for cell –cell interactions in animals suggests that
signaling and adhesion pathways preceded, and were available for co-option
into, the multicellular mode of animal development.35. Evolution of Development: A View from the Cavefish Eye. Bill
Jeffery. Univ. of Maryland, College Park, MD.
The evolution of development is studied in eyed surface-dwelling
(surface fish) and blind cave-dwelling (cavefish) forms of the teleost
Astyanax mexicanus. Although cavefish adults are blind, embryos form
small eye primordia, which subsequently undergo lens apoptosis, develop-
mental arrest, and disappear into the orbits. The surface fish embryonic lens
can rescue eye formation after transplantation into a cavefish optic cup,
showing that the lens control eye degeneration. The cavefish eye phenotype is
caused by an expansion of Sonic hedgehog (Shh) midline signaling through
suppression of Pax6 and activation of lens apoptosis. Accordingly, Shh
overexpression can phenocopy the degenerate cavefish eye in surface fish.
Lens apoptosis is regulated by the molecular chaperone hsp90a, which is
specifically expressed in the developing cavefish lens. In addition to
negatively affecting eye formation, Shh is also sufficient and necessary for
the enhancement of jaws and taste buds in cavefish. Finally, similar
mechanisms appear to have augmented feeding structures and extinguished
eyes in convergent cavefish lineages. Our studies suggest a model in which
eye degeneration evolved as a response to adaptive changes in Shh signaling.36. Regulation of Divergent Rx Genes in Vertebrate Eyes. Travis J.
Bailey and Milan Jamrich. Baylor College of Medicine, Houston, TX
77030.
Rx is a homeodomain-containing paired-class transcription factor that
is conserved in fly, frog, fish, mouse, and man. Rx is one of the earliest
genetic markers required for vertebrate eye development. Zebrafish has
three Rx genes, compared to Xenopus, two orthologs, and mouse and
human, one. In mouse and frog, all Rx genes are expressed in the anterior
neural plate and later in the retinal primordial and ventral hypothalamus.
By contrast, although the initial expression domain of different zebrafish
Rx genes is similar, at later stages, the zfRx1 or zfRx2 retinal expression
domain is distinct from the zfRx3 domain in the developing hypothalamic
region. This specialization of domains might have the advantage that the
fate of the ventral hypothalamus and retinal primordia can be regulated
independently. This work aims to define the regulatory sequences of the
zebrafish Rx genes and define the regulatory mechanism that leads to
specific expression of genes in the eye and hypothalamus. A screen of
genomic libraries, using cDNAs as probes, yielded fragments containing
the different zebrafish Rx genes. Regions of genomic DNA, 5V to the
coding region of zfRx1, that contained putative regulatory sequences were
subcloned in front of a green fluorescent protein reporter gene and used to
make transgenic frogs. A fragment of approximately 700 bp resulted in eye
and ventral forebrain expression of the transgene. Genomic elements are
being analyzed by using these reporter constructs in mouse and frog and
fish model systems, and by direct DNA sequence comparison to orthol-
ogous genes. This project promises more insights into steps that take place
during evolution of small gene families.37. Axial Patterning in Fishes. Andrea B. Ward and Elizabeth L. Brainerd.
Univ. of Mass. Amherst.
Eel-like body forms have evolved multiple times independently within
Actinopterygii. The vertebral column of fishes is composed of two primary
regions: abdominal and caudal. Abdominal vertebrae bear ribs whereas
caudal vertebrae have hemal spines. Recent molecular patterning studies
have indicated that the abdominal and caudal regions of the body are
distinct subunits with respect to the number of segments in each region.
These results have been corroborated by comparative anatomical studies of
tetrapods in which axial elongation occurs due to an increase in the
number of abdominal or caudal vertebrae, but rarely an increase in both
regions. The goal of this study was to describe patterns of diversity in the
axial skeleton in seven groups of actinopterygian fishes (Polypteriformes,
Osteoglossomorpha, Elopomorpha, Ostariophysi, Paracanthopterygii,
Beloniformes, and Scombroidei). We collected vertebral counts and aspect
ratios (centrum length/width) from both the abdominal and caudal regions
for each of the 54 species examined. Results indicate that elongation
generally occurs by an increase in total number of vertebrae, and increases
in vertebral number were region specific. However, in at least one group,
elongation occurred by an increase in aspect ratio. Increased aspect ratio
was not region specific. Instead, aspect ratio increased similarly across all
of the axial skeleton. Based on these results, we hypothesize that separate
developmental modules control the number of somites in each region,
whereas one developmental module controls vertebral aspect ratio across
the entirety of the axial skeleton. These findings provide the basis for
future work on the development of regional identity of the vertebral
column in fishes.38. The Transcription Factor Network Regulating Development of the
Caenorhabditis elegans Intestine. James D. McGhee. University of
Calgary, Calgary, Alberta.
The intestine of the nematode worm C. elegans provides a simple
experimental system in which to investigate how a transcription factor
network controls the development of a functioning organ. The entire worm
intestine is produced as a clone of cells derived from a single blastomere (E
cell) of the eight-cell embryo. The specification of the gut lineage has been
well studied and involves amaternally provided transcription factor (SKN-1),
an intercellular Wnt pathway signal, and the successive transitory production
of two pairs of GATA-like transcription factors (MED-1/2; END-1/3), which
together set in motion the gut developmental program. We are interested in
the events that occur after gut specification to direct the diverse program of
gut differentiation, from the time when the embryonic gut has only two cells
(the 2E cell stage) up to the 100-fold larger gut of the adult several days later.
Of the half dozen or so gut-specific genes, both embryonic and adult, whose
promoters have been analyzed, all are controlled by cis-acting GATA sites.
Our working model is that the ELT-2 GATA factor is directly involved in the
transcription of all genes involved in gut development and gut function
during the worm’s life span, after the initial steps of gut specification. I will
describe our efforts to test thismodel based on the analysis of two gut-specific
SAGE libraries (adult and embryonic) produced in collaboration with the BC
Genome Sciences Centre. I will also describe our efforts to understand how
the elt-2 gene is controlled, how ELT-2 activity is modulated during
development, and how ELT-2 relates to other transcription factors in the gut.39. Genome-wide Analysis of Foregut Development. Susan E. Mango,1
Pliny Smith,1 Wanyuan Ao,1 Jeb Gaudet,1 Srikanth Muttumu,1 Chris
Armstrong,2 Marc Vidal,2 and Jim Kent3. 1Huntsman Cancer Institute,
Univ. of Utah, Salt Lake City, UT 84112; 2Dana-Farber Cancer Institute
and Department of Genetics, Harvard Medical School, Boston, MA
02115; 3Genome Bioinformatics Group, Univ. of California at Santa
Cruz, CA 95064.
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during development. Our focus is C. elegans, whose digestive tract is a
relatively simple, linear tube. We would like to understand how cells are
specified to become one of seven cell types within the foregut and how those
cells are organized into a tubular epithelium. We have recently completed
functional studies for approximately 400 genes that are selectively expressed
in the foregut (RNAi and yeast two-hybrid). This analysis has enabled us to
discover genes required for a broad range of activities such as cell fate
specification, tubulogenesis, and feeding. It has also established a network of
interacting proteins that we can now use to understand the function of
individual factors within foregut cells. We are also investigating the
transcriptional hierarchies that regulate foregut development, and the re-
sponse of the foregut to environmental cues such as food availability. We use
a combination of bioinformatics and ‘wet-bench’ approaches to discover the
cis-regulatory elements that control temporal or spatial expression. These
studies have revealed the logic of transcriptional regulation in the develop-
ing foregut and have laid the foundation for finding the trans-acting factors
that recognize those sites.40. Development of a Novel Gut Culture System to Analyze the
Influence of Genes on Intestinal Epithelial Growth and Differen-
tiation. Helen E. Abud and Joan K. Heath. Ludwig Institute for Cancer
Research, Melbourne, Vic 3050, Australia.
We are studying the differentiation of the intestinal epithelium in mice
using embryonic gut culture. Our studies are focussed on the key period in
development when the undifferentiated endoderm of the primitive gut
converts into a highly specialized columnar epithelium. We have estab-
lished a mouse embryonic gut culture system (catenary culture) and have
demonstrated that plasmids can be introduced into the epithelial cell layer
using low-voltage electroporation. We have achieved gene transfer into a
high proportion of epithelial cells (5–20%) without significant cell death.
This provides an opportunity to directly study the function of genes in a
system that maintains the three-dimensional architecture of the gut and
closely mimics the differentiation of the gut in vivo. The morphological
development of the epithelial cell layer in catenary cultures has been studied
using light and electron microscopy, and the expression of molecular
markers of gut development, such as the A33 antigen, has been followed
using immunohistochemistry. We have examined the subcellular localiza-
tion of several GFP-fusion proteins (Cdx, APC, DokR) using confocal
microscopy. Dynamic changes in the cellular localization of these signalling
proteins can be monitored in live intestinal cells. Electroporation of a
construct encoding a CreEGFP fusion protein into explants from ROSA26
reporter animals resulted in extensive activation of LacZ expression
indicating that this system can be used to rapidly analyze the role of
endogenous genes in intestinal development by inducing the deletion of
conditional alleles in organ culture.41. Sox17 and Beta-catenin in Xenopus Endoderm Specification. Aaron
M. Zorn, De´bora Sinner, Scott Rankin, and Monica Lee. Cincinnati
Children’s Hospital, Division of Developmental Biology, Cincinnati,
OH 45229.
In the vertebrate embryo, the endoderm gives rise to the epithelial
lining of the respiratory and gastrointestinal tract as well as to the liver,
lungs, pancreas, thyroid, and thymus. Recent studies have resulted a model
of the molecular pathway that specifies the endoderm during vertebrate
gastrulation. The HMG box transcription factor Sox17 is a key component
of this pathway and is essential for endoderm formation; however, the
molecular events controlled by Sox17 are largely unknown. Using micro-
array analysis, we have identified the transcriptional network downstream
of Sox17 and verified several direct transcriptional targets of Sox17,
including FoxA1 and FoxA2. Current studies include characterizing thefunction of several newly identified genes downstream of Sox17 during
endodermal development. We further show that beta-catenin physically
interacts with Sox17 and potentiates its transcriptional activation of target
genes. We identify a motif in the C-terminus of Sox17 that is conserved in
all the SoxF subfamily of Sox proteins, and this motif is required for
Sox17’s ability to both transactivate target genes and bind beta-catenin.
Nuclear beta-catenin is present in endoderm cells of the gastrula, and
depletion of beta-catenin from embryos results in a repression of Sox17
target genes. These data suggest that in a mechanism analogous to Tcf/Lef
interacting with beta-catenin, Sox17 and beta-catenin interact to transcribe
endodermal target genes.42. Pancreas Specification and Lineage Diversification: Control by the
Pdx1 and Ptf1a Transcription Factors. Christopher Wright, Yoshio
Fujitani, Yoshiya Kawaguchi, Bonnie Cooper, Shuji Fujitani, Maureen
Gannon, and Dan Boyer. 1Vanderbilt University Program in Develop-
mental Biology; 2Vanderbilt University Department of Cell and De-
velopmental Biology.
A central issue in pancreas formation and toward potential cell-based
diabetes therapies is to identify the number and type of stem or progenitor
cells that exist at different stages of organogenesis, and characterize how
they are directed by extrinsic and intrinsic signals to differentiate into
exocrine (acinar, duct) and endocrine (islet hormone-producing) cells. We
are trying to understand the signaling inputs that regulate the crucial
transcription factor genes pdx1 (pancreas duodenum homeobox gene-1)
and ptf1a (encoding the bHLH protein Pancreas Transcription Factor 1a).
Evidence will be presented indicating that precise spatiotemporal control
of Pdx1 expression controls the flux from progenitor cells into the
exocrine or endocrine arms of the pancreas differentiation program. We
will also describe experimental evidence that Ptf1a is centrally involved
in acquiring the pancreatic fate from undetermined progenitors in the
foregut epithelium, including the use of genetically based lineage-tracing
methods.43. Transcriptome Analysis of Transcription Factor Expression in
Developing Organs: Defining a Pancreas-Specific Code. Jan Jensen
and Alecksandr Kutchma. U. Colorado HSC, CO, 80262.
To define transcription factor (TF)-encoding genes that display
relative expression specificity for the developing and adult pancreas,
we have developed a multi-tiered method providing candidacy estab-
lishment for the almost complete set of TF-encoding mouse genes. This
method consists of (1) development of an in-house database of putative
transcription factor encoding genes in the mouse. This was done using
iterated local tBLASTn searches of Unigene for protein domain classes
(DBDs only) annotated as TFs within CDD or Pfam. This method
allows categorization of previously nonclassified Unigene members as
TFs. (2) Quantitative and statistical analysis of dbEST information for
multiple pancreatic and nonpancreatic libraries limited to the TF list. (3)
Meta-analysis of in-house and public domain Affymetrix data sets (>400
independent experiments) covering pancreatic and nonpancreatic tissues.
(4) Verification of top-scoring candidates using a medium-throughput
ISH method on sections and multiplex RT-PCR. (5) Combining this
information into a common database, allowing graphical representation
and tailored user queries. This method predicts several Unigene TF
clusters that are relatively specific for (1) pancreatic islets, (2) pre-
secondary transition pancreas, (3) late gestational pancreas, and (4)
exocrine cells. The large majority of known genes playing a role in
pancreatic development were identified, validating the method. This
analysis is capable of performing tissue-specific candidacy testing across
any tissue for which affy-data, dbEST information, or both are available.
We will present such scoring of select other tissue types.
Abstracts 55744. Coupling of Polarized Extension to the Establishment of Planar
Cell Polarity in the Developing Mammalian Auditory Sensory
Organ. Ping Chen,1 Neil Segil,2 Andres Collazo,2 and Xi Lin1.
1Departments of Cell Biology and Otolaryngology, Emory University,
Atlanta, GA 30322; 2House Ear Institute, Los Angeles, CA 90057.
The mammalian auditory organ, the organ of Corti, displays a
distinct planar cell polarity (PCP) along the plane of the sensory
epithelium with stereociliary bundles on the apical surface of the
sensory hair cells being uniformly oriented. Collectively, we showed
that the formation of the organ of Corti involves synchronized cell cycle
exit of precursors and subsequent differentiation of sensory hair cells
and supporting cells within the shorter and thicker primordium. The
formation of the longer and thinner mature organ is independent of cell
proliferation or death, suggesting the involvement of an integrated cell
movement similar to the convergent extension movement that is essen-
tial for establishment of germ layers, formation of body axes, and
closure of neural tube in vertebrates. Using an organ culture system, we
demonstrated that the postmitotic organ of Corti primordium undergoes
unidirectional extension and insufficient extension leads to the formation
of a shorter and wider sensory organ. Furthermore, convergent extension
in vertebrates is regulated by vertebrate homologs to the Drosophila
genes regulating planar cell polarity. We found that mouse mutants
defective in neural tube closure, presumably due to the failure of
convergent extension, have a shorter cochlear duct with disrupted planar
cell polarity. Therefore, our study of the development of the mammalian
auditory sensory organ indicated that polarized cellular extension is
coupled to the establishment of planar cell polarity in vertebrates.45. Developmental Biology and Cancer. Matthew P. Scott. Depts. of
Devel Biology and of Genetics, Stanford Univ. School of Medicine,
Stanford, CA 94305.
Most major developmental signal transduction pathways have been
connected to cancer and birth defects and other matters of great medical
import, with more connections arising all the time. These discoveries have
illuminated the causes of cancer and other diseases, and provided new
possible targets for drug discovery. At the same time, the findings carry
implications for mechanisms of normal development and the distinct roles
of particular signaling pathways in different developmental contexts. In this
talk, I will consider the relationships between development and disease with
examples from Hedgehog signaling and other pathways.46. Plant Development: Insights from Microarrays and microRNAs.
Detlef Weigel1,2. Max Planck Institute for Developmental Biology, D-
72076 Tu¨bingen, Germany.
Flowering of the reference plant Arabidopsis thaliana is controlled
by several signaling pathways that converge on a small set of genes that
function as pathway integrators. We have analyzed the genomic
response to one type of floral inductive signal, photoperiod, to dissect
the function of several genes transducing this stimulus. We found two
groups of transcription factor genes, one encoding AP2 domains and the
other SBP domains, that are repressed and induced, respectively, in
response to the CONSTANS/FT signaling cascade, which is activated by
changes in photoperiod. The two groups are targets of the miR172 and
miR156 microRNA families, and I will present data on the consequen-
ces of manipulating miR172 and miR156 levels in plants.
We have also studied in detail the role of microRNAs in a different
developmental process, leaf growth. In a genetic screen, we identified
the JAW locus, which produces a microRNA that can guide mRNA
cleavage of several TCP genes controlling leaf development. We found
that microRNA-guided cleavage of TCP4 mRNA is necessary to preventaberrant activity of the TCP4 gene expressed from its native promoter.
In addition, overexpression of wild-type and microRNA-resistant TCP
variants demonstrates that mRNA cleavage is largely sufficient to restrict
TCP function to its normal domain of activity. These studies were the
first linking a plant microRNA to a specific developmental process.47. SiRNAs Targeting an Intronic Transposon in the Regulation of
Natural Flowering Behavior in Arabidopsis. Xuemei Chen,1 Jun
Liu,1 Yuehui He,2 and Richard Amasino2. 1Waksman Institute, Rutgers
University, Piscataway, NJ 08854; 2Department of Biochemistry,
University of Wisconsin, Madison, WI53706.
Allelic variation in FLOWERING LOCUS C (FLC), a central repressor
of flowering, contributes to natural differences in flowering behavior among
Arabidopsis accessions. While the late-flowering accessions have domi-
nant, functional FLC alleles, some early accessions are thought to have
evolved from late accessions by acquiring recessive, weak FLC alleles. The
weak nature of the FLC allele in Ler, a commonly used laboratory strain, is
due to low levels of FLC RNA resulting, through an unknown mechanism,
from a transposable element inserted in the first intron of FLC. Here we
show that the transposable element renders FLC-Ler subject to repressive
chromatin modifications mediated by short interfering RNAs generated
from homologous transposable elements elsewhere in the genome. Reliev-
ing the siRNA-mediated silencing results in increased FLC-Ler mRNA
level and renders the FLC-Ler allele able to delay flowering. Our studies
have general implications for the role of transposable elements in eukary-
otic gene expression and evolution.48. Nuclear Reprogramming by Xenopus Oocytes. John B. Gurdon,1
Stina Simonsson,1 and James A. Byrne2. 1Wellcome/CR UK Gurdon
Institute, University of Cambridge, CB2 1QR, UK; 2Oregon Health and
Science University, OR 97006, USA.
When nuclei from determined somatic cells are transplanted singly
to enucleated eggs, about 30% of such transplanted nuclei are reprog-
rammed to follow an entirely unrelated fate. For example, nuclei from
endoderm or intestine cells elicit the formation of functional muscle and
nerve cells. The immediate consequence of nuclear transplantation to
eggs is to induce DNA replication and chromatin assembly; only later
in development is transcriptional reprogramming evident. Multiple
somatic cell nuclei transplanted to growing oocytes (in first meiotic
prophase) are reprogrammed to completely different patterns of gene
expression, and this happens in the absence of any DNA replication.
Therefore, the reprogramming activity is direct and must be due to
molecules present in the oocyte. We find that the nuclei of adult mouse
and human blood cells are reprogrammed to express the stem cell
marker oct4 after nuclear transfer to oocytes. Current work using the
injection of nuclei, genomic DNA, and plasmid promoter constructs is
orientated toward identifying the molecules and mechanisms responsible
for different aspects of nuclear reprogramming by oocytes. This work
may contribute to the eventual possibility of reprogramming adult
mammalian cells back to an embryonic pattern of gene expression.49. Nuclear Cloning, Stem Cells, and Reprogramming of the Genome.
R. Jaenisch,1 K. Hochedlinger,1 R. Blelloch,1 and K. Eggan2. 1White-
head Institute for Biomed Res and Dept of Biol, MIT; 2Present address;
Dept of Molec and Cell Biol, Harvard U.
The full term development of sheep, cows, goats, pigs, and mice has been
achieved through the transfer of somatic cell nuclei into enucleated oocytes.
Despite these successes, mammalian cloning remains an inefficient process,
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tation stages of development. The small fraction of conceptuses that survive
to term are characterized by a high mortality rate and frequently display
grossly increased placental and birth weights. It is likely that inappropriate
expression of crucial developmental genes may contribute to the lethality of
cloned embryos. One of the key issues raised by nuclear cloning is the
question of genomic reprogramming, that is, the mechanism of resetting the
epigenetic modifications that are characteristics of the adult donor nucleus to
ones that are appropriate for an embryonic cell. Also, a major unresolved
question that was raised half a century ago in the seminal nuclear transfer
experiments with amphibians is whether nuclei of terminally differentiated
cells can be reprogrammed to direct development of a new organism. To
address these questions, we have used ES cells, terminally differentiated
lymphoid cells, neurons, and cancer cells as donors for nuclear transplanta-
tion. Our results show that the efficiency of generating cloned mice from an
embryonic donor cell nucleus is significantly higher than cloning from a
terminally differentiated donor cell nucleus. This is consistent with the notion
that the differentiation state of the donor nucleus profoundly affects the
efficiency of epigenetic reprogramming after nuclear transfer into the egg.
Indeed, expression analyses indicate that the failure to properly activate key
embryonic genes that are constitutively expressed in the embryonic but not in
the adult donor cell represents one of the most important causes for early
clone demise. Likely this is due to the genome of an adult cell being less
amenable to the reprogramming activity of the oocyte than that of an
embryonic cell.50. Neural Regeneration and Germ Cell Specification in Planarians.
Phillip A. Newmark,1 Francesc Cebria,1 Ricardo M. Zayas,1 Tingxia
Guo,1 and Joel Stary2. 1Department of Cell and Structural Biology;
2Neuroscience Program, University of Illinois at Urbana-Champaign,
Urbana, IL 61801.
Freshwater planarians are well known for regenerative abilities that
enable a tiny fragment of the body to regenerate a complete animal.
Among the truly fascinating aspects of planarian biology is the plasticity
of the nervous system. In addition to the rapid regeneration of the
cephalic ganglia, ventral nerve cords, and sensory structures following
amputation, the nervous system is sufficiently plastic to grow and shrink
with the planarian, depending upon availability of food. The molecular
mechanisms responsible for this neuronal plasticity are unknown. Here,
we describe results of high-throughput in situ hybridization screens to
identify markers of the planarian nervous system. RNAi experiments
have identified many genes required for proper nervous system regen-
eration. Intriguingly, some of these genes are also required to maintain
nervous system architecture in intact adults. Planarians are useful not
only as models to study regeneration, but also well suited for studying
the epigenetic specification of germ cell fate. Planarians do not
segregate their germ cell lineage during early embryogenesis; rather,
germ cells are formed postembryonically when worms attain the
appropriate size. Numerous markers of the germ cell lineages have
been identified from a collection of >13,000 ESTs (representing ap-
proximately 6500 transcripts) that we have generated from the sexual
strain of Schmidtea mediterranea. These ESTs will serve as the starting
point for microarray analyses and large-scale RNAi screens to dissect
the process of germ cell formation in planarians.51. Ascaris suum as a Comparative and Complementary Model Sys-
tem: Revisiting a Historical Giant. Sabbi Lall,1 Anita Fernandez,2
Fabio Piano,2 and Richard Davis1. 1CUNY Graduate Center, NY, NY;
2NYU Dept. of Biology, NY, NY.
The use ofAscaris suum (A. suum) as a model organism historically led to
key concepts in the fields of developmental and cell biology. We describeaspects of A. suum early development that make it highly suitable for
evolutionary comparisons with nematodes such as C. elegans. For example,
A. suum develops slowly and synchronously, with processes such as
pronuclear fusion being highly accessible in large volumes of embryos. In
contrast to C. elegans, this allows developmentally precise cell-free studies.
Thus, A. suum provides complementary features to the powerful genetics
available in C. elegans. We compare here the early development of A. suum
and C. elegans to assess the use of the former organism as an informative
comparative model. We then use immunostaining and RNAi to look at the
roles of factors involved in the basic processing and functioning ofmessenger
RNAs during early development. While posttranscriptional regulation via
such factors is probably essential in controlling translation and sculpting the
expression domains of patterning factors, their roles in development have
only begun to emerge recently. In particular, we focus on cap binding factors
such as cbp20 and decapping enzymes such as dcp1, 2, and S. We
characterize the localization of such factors in both A. suum and C. elegans.
By studying the RNAi phenotypes for these genes in C. elegans, we find that
while some factors are vital for development, others have no apparent
embryonic phenotype. Closer assessment using immunocytochemistry, how-
ever, suggests that embryos are responding to gene knockdowns, perhaps by
relocalization of redundant factors.52. Gonadogenesis in P. pacificus and the Comparative Development of
Organs. David Rudel, Metta Riebesell, and Ralf Sommer. Max-Planck
Institut fu¨r Entwicklungsbiologie, Dept. 4-Evolutionary Biology, Spe-
mannstr. 37–39, 72070 Tu¨bingen, Germany.
P. pacificus is a free-living nematode that diverged from the model
nematode C. elegans around 200–300 million years ago. Traditional cell
ablation experiments and phenotypic analysis of mutations in vulva devel-
opment and sex determination have been supplemented by a high-resolution
genetic and physical map to establish P. pacificus as a developmental genetic
model organism for comparison with C. elegans. Here, we report a detailed
description of the P. pacificus gonad using electron microscopy and fluores-
cent microscopy that will provide a basis for phenotypic studies of genetic
mutations and in vivo molecular studies of cloned genes involved in P.
pacificus gonad development. We report that the morphology of the P.
pacificus gonad is very distinct from that of C. elegans. Among these
differences are heterochronic changes, novel gonad arm-migrations, novel
cellular composition of some somatic tissues (i.e., the number of cells that
comprise the sheath and different spermathecal regions are different), the
absence of a somatic tissue (i.e., the spermathecal valve cells), a novel
architecture for the sheath, and changes in the cellular and subcellular
morphology of the individual sheath cells. Additionally, we report a set of
cell ablations in P. pacificus that indicate extensive cell communication
between the somatic gonadal tissues and the germ line. While these
interactions are similar to those reported in C. elegans, individual ablation
experiments in P. pacificus show significant differences in the roles of
individual somatic tissues in germline patterning.53. Development of Polarized Two-Cell Syncytia during Oogenesis in
Polychaete Worms of the Genus Ophryotrocha. John L. Brubacher
and Erwin Huebner. Dept. of Zoology, Univ. of Manitoba, Winnipeg,
MB, Canada, R3T 2N2.
The genus Ophryotrocha (Polychaeta: Dorvilleidae) comprises a group
of marine worms whose biology and phylogenetic position make them
appealing models for the study of various developmental processes. The
elegant simplicity of oogenesis in this group is of particular interest. Oocytes
develop in cysts consisting of two cells—the oocyte itself, and a nurse cell—
interconnected by a cytoplasmic bridge. These cysts mature in the coelom,
free of surrounding somatic follicular tissue. Using light and electron
microscopy, we have begun to describe the cytology of oocyte and nurse-
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clumps of germ tissue under the gut before being released to the coelom. In
even the youngest coelomic cysts, nurse cells and oocytes are distinct,
implying that the nurse-cell vs. oocyte fate decision occurs early. Indeed,
certain cells within the gonad exhibit nuclear morphologies consistent with a
particular fate. As the cysts mature in the coelom, differences in the
distribution of biosynthetic machinery between the cells become highly
exaggerated. A network ofmicrotubules at the interface between the two cells
suggests polarized transport of components. Mitochondria proliferate and
can be seenwithin the cytoplasmic bridge. Ultimately, the nurse cell regresses
and is absorbed by the oocyte, which later enters meiosis. Planned research
examining the molecular and regulatory aspects of this process will help
provide a new model system to complement studies of traditional model
organisms in which oogenesis has more cellular complexity.54. Genetic Basis of Limb Reduction in Sticklebacks. Michael D.
Shapiro1 Melissa Marks,1 Catherine Peichel,2 Dolph Schluter,3 and
David Kingsley1. 1HHMI and Stanford Univ.; 2Hutchinson Cancer
Research Ctr.; 3Univ. of British Columbia.
Reduction of the pelvic skeleton occurs frequently in vertebrate evolu-
tion, yet we know little about the underlying genetic mechanisms. To
determine the number and location of chromosome regions that control
hindlimb reduction in natural populations, we crossed fish from a population
of threespine sticklebacks (Gasterosteus aculeatus) that have complete pelvic
structures with others that have evolved absence of the pelvis. Genome-wide
linkage mapping in F2 progeny identified a single major genetic locus that
controlled 40–70% of the variance in multiple pelvic traits, and minor QTL
that contributed to some traits but not to others. To identify themajor locus for
pelvic reduction, we isolated stickleback homologs of genes involved in limb
identity in other systems. Pitx1 does not recombine with the major locus and
is not expressed in the prospective pelvic region of larvae from the pelvis-less
population. Pitx1 is expressed normally in other tissues and does not show
any amino acid differences betweenmarine and pelvis-less fish. Themapping
data, left – right asymmetry of pelvic reduction, and site-specific changes in
expression suggest that regulatory changes in the Pitx1 locus are responsible
for limb loss in the pelvic-reduced population. We also carried out interge-
neric complementation tests between pelvic-reduced threespine and nine-
spine (Pungitius pungitius) sticklebacks. Hybrid progeny did not develop
complete pelvic structures, suggesting that similar genetic mechanisms may
be used repeatedly to evolve major morphological changes in the vertebrate
skeleton.55. Retinoic Acid, Hox Genes, and Rostrocaudal Patterning of Amphi-
oxus Embryos. Linda Z. Holland,1 Michael Schubert,2 Vincent Lau-
det,2 and Nicholas D. Holland1. 1Univ. of California San Diego, La
Jolla, CA 92093-0202; 2Lab. de Biol. Mol. de la Cellule, 69364 Lyon
Cedex 07, France.
In developing chordates, but not in other animals, signaling by retinoic
acid (RA) plays key roles in rostrocaudal patterning of the CNS, endoderm,
and mesoderm. We previously showed that in the invertebrate chordate
amphioxus, as in vertebrates, a low level of RA signaling is required for
patterning the forebrain and pharynx, while a high level sets their posterior
limits. Here we show that RA similarly patterns the general ectoderm, which
has scattered sensory cells sending axons to the CNS and, like the CNS,
expresses a combinatorial code of Hox genes. To test whether Hox1, which is
co-expressed with the retinoic acid receptor, mediates RA signaling, at least
in part, we compared expression of pharyngeal, neural, and ectodermal
markers in amphioxus embryos treated with RA or the RA antagonist
BMS009 and in embryos in which Hox1 function was knocked-down with
an antisense morpholino-oligonucleotide. The effects of Hox1 knockdown
generally mimicked those of BMS009 except that the Hox1 morpholino,unlike BMS009, did not block gill slit formation. We conclude that RA
acting, at least in part viaHox1,mediatesA–P patterning and specification of
neuronal subtypes in the amphioxus hindbrain and general ectoderm and sets
the posterior limit of the pharynx. These results point to a common ancestor
of amphioxus and vertebrates in which upstream control of rostrocaudal
patterning by RA has been superimposed on a more ancient mechanism of
rostrocaudal patterning by a combinatorial Hox code.56. Evolution of Chordates: Worms or Squirts? Billie J. Swalla. Univ. of
Washington and Friday Harbor Laboratories, Seattle, WA 98195.
We study the development and evolution of the chordate body planwithin
Deuterostomes by studying development of hemichordates and tunicates.
The four major clades of deuterostomes are echinoderms, hemichordates,
urochordates (tunicates), and chordates (vertebrates and lancelets). Echino-
derms and hemichordates are sister groups as have been shown by rRNA
phylogenies, mitochondrial data, and larval morphology, but the monophyly
of the chordates and tunicates is hard to recover by molecular analysis. Using
developmental characters to compare the four major deuterostome groups, it
appears that echinoderm and urochordate adult body plans appear to have
become highly derived at the time of their divergences from the other major
clades. Previous theories of chordate origins propose that chordates evolved
from a sessile urochordate tadpole larva. However, our results suggest that the
deuterostome ancestor was likely to have been a motile, benthic, filter-
feeding wormwith gill slits, an organized cartilaginous skeleton, coelom, and
perhaps even neural crest cells. Therefore, the chordate ancestor was likely to
have been a motile worm, instead of a sessile urochordate. This scenario
would suggest that tunicates evolved from a motile worm-like chordate
ancestor by dissociation of the ancestral adult and larval developmental
modules. The nonfeeding larva contains the notochord and dorsal neural tube
but no gut, heart, blood, or gonads. The internal organs all develop after
metamorphosis in solitary ascidians. Our results suggest that the deutero-
stome and chordate ancestors were similar benthic filter-feeding worms.57. Interactions between the FGF and ephrinB1 Signaling Pathways
Regulate the Morphogenetic Movements Underlying Eye Field
Formation. Sally A. Moody,1 Kathryn B. Moore,1 Kathryn Mood,2
and Ira O. Daar2. 1The George Washington University, Washington,
D.C.; 2National Cancer Institute-Frederick, NIH, Frederick MD.
The definitive retinal progenitors of the eye field are specified by
transcription factors that both promote a retinal fate and control cell move-
ments that are critical for eye field formation. However, the molecular
signaling pathways that regulate these movements are largely undefined.
We demonstrate that both the FGF and ephrin pathways impact eye field
formation. Activating the FGF pathway before gastrulation represses cellular
movements in the presumptive anterior neural plate and prevents cells from
expressing a retinal fate, independent of mesoderm induction or anterior–
posterior patterning. Inhibiting the FGF pathway promotes cell dispersal and
significantly increases eye field contribution. ephrinB1 reverse signaling is
required to promote cellular movements into the eye field, and can rescue the
FGF receptor-induced repression of retinal fate. These results indicate that
interactions between FGF and ephrinB1 signaling regulate the positioning of
retinal progenitor cells within the definitive eye field.58. Bone Morphogenetic Protein Antagonists Play Multiple Roles in
Mammalian Forebrain and Craniofacial Midline Development.
John Klingensmith and Ryan Anderson. Dept. of Cell Biology, Duke
University Medical Center, Durham, NC 27710.
We have previously demonstrated a role for the BMP antagonists Chordin
and Noggin in local function of rostral organizer derivatives during head
Abstracts560development. Functional defects in these tissues lead to holoprosencephaly
(HPE), a very common and usually lethal syndrome of forebrain and
craniofacial midline tissue deficits. However, the genetic etiology of human
HPE is heterogeneous; most likely, it typically results from multiple
disruptions in convergent developmental processes and signaling pathways.
In humans, several HPE loci reflect heterozygosity in genes of the Shh or
Nodal signaling pathways. Here, we explore the influence of abnormally
elevated BMP signaling upon both Shh and Nodal signaling in the gastrula
organizer and its derivatives during medial head development and left – right
axis formation in the mouse. We generated complex double mutants lacking
either Chordin or Noggin and heterozygous for Shh, Nodal, or Foxa2, an
activator and target of Shh signaling. Mice with the genotypes Chrd/;
Nodal+/, Chrd/; Foxa2+/, Nog/; Foxa2+/ and Nog+/;
Foxa2+/ display partially penetrant, novel constellations of rostral–
medial defects comprising a holoprosencephaly agnathia-laterality syn-
drome. Surprisingly, although increased BMP signaling is associated
with disruption of Shh signaling, we observed no direct genetic
interaction between BMP antagonists and Shh. Histological and
molecular analyses reveal distinct deficiencies of rostral gastrula
organizer derivatives in each mutant class and provide evidence for
multiple mechanisms of HPE pathogenesis.59. Retinoic Acid-Generating Enzymes in Posterior Neural Transfor-
mation.Gregg Duester, I. Ovidiu Sirbu, Natalia Molotkova, and Andrei
Molotkov. Burnham Institute, La Jolla, CA.
A requirement for retinoic acid (RA) signaling during posterior neural
development has been revealed by genetic analysis of retinaldehyde dehy-
drogenase-2 (RALDH2) that catalyzes RA synthesis. Raldh2/ embryos
carrying a RA-reporter transgene have revealed that RA synthesis in mouse
embryos normally begins at E7.5 in the paraxial mesoderm under the control
of Raldh2 that sends a mesodermal RA signal to the hindbrain and spinal
cord. RA is not required for neural induction as Raldh2/ embryos still
express Sox1 and Sox2, early markers of neurectoderm. However, Raldh2/
 embryos lack Hoxb1 expression in rhombomere 4 (r4) of the hindbrain,
indicating a role for Raldh2 in neuronal differentiation. It has been proposed
that retinoic acid response elements lying 3V and 5V of Hoxb1 are responsible
for widespread RA induction and r3– r5 repression, respectively, and that an
r4 autoregulatory element continues expression. However, RA has previous-
ly only been detected in r5– r7. We now demonstrate that both RA activity
and Hoxb1 mRNA are initially present from r3 to r7, but that by the time
Hoxb1 expression is limited to r4, the RA-degrading enzyme Cyp26c1 is
induced by RA in r4 and RA activity is limited to r5– r7. We have also found
that RA synthesized in the paraxial mesoderm by Raldh2 reaches all cells of
the spinal cord and is necessary for induction of Pax6 and Olig2 needed to
initiate motor neuron differentiation. Together, our findings indicate that
Raldh2 produces a mesodermal RA signal that travels to the newly generated
posterior neurectoderm to induce a posterior transformation that allows
differentiation of neurons specific for hindbrain and spinal cord.60. Soma-Germ Line Competition for Lipid Phosphate Uptake Regu-
lates Germ Cell Migration and Survival. Andrew D. Renault,1 Yury
A. Sigal,2 Andrew J. Morris,2 and Ruth Lehmann1. 1Skirball Institute,
NYU Medical Center, 540 First Avenue, New York, NY; 2Dept of Cell
and Developmental Biology, Univ. of North Carolina, Chapel Hill, NC.
Drosophila germ cells form spatially and temporally separate from
the somatic cells of the gonad and therefore must migrate through the
embryo to associate with them. Extracellular phospholipids are impli-
cated in guiding this migration because the lipid phosphate phosphohy-
drolases Wunen (Wun) and Wunen2 (Wun2) act redundantly in somatic
tissues to repel germ cells. Furthermore, overexpressing Wun or Wun2
in the soma kills germ cells. We now report that Wun2 also functions ingerm cells. Wun2 null germ cells form normally but die during
embryogenesis. Eliminating somatic Wun and Wun2 rescues the germ
cell death but not the defects in directional migration. This implies that
germ cell survival is controlled through competition between somatic
and germ cell Wunens for an extracellular lipid phosphate survival
factor. Since the same genes have opposite effects on germ cell survival
in the germ line and soma, our observations represent a novel paradigm
for cell survival and migration. To determine the underlying mechanism
for this competition, we expressed Wun2 in insect cells and found that
it dephosphorylates phosphatidic and lysophosphatidic acid resulting in
uptake of the lipid moiety. We therefore propose a model in which
Wun2 functions in germ cells to internalize a lipid phosphate necessary
for their survival. The function of the somatic wunens is to create a
gradient of the lipid phosphate to provide directional cues to the germ
cells.61. En1 and Wnt7a Interact with Dkk1 during Mouse Limb Develop-
ment. Maja Adamska, Bryan T. MacDonald, Zubair H. Sarmast,
Edward R. Oliver, and Miriam H. Meisler. Department of Human
Genetics, Univ. of Michigan.
During limb development, reduction of the amount of theWnt antagonist
Dkk1 results in expansion of the apical ectodermal ridge and formation of
ectopic and fused digits. Similar defects are seen in mice null for the
transcription factor En1. Previous studies suggested that these limb defects
in En1mutant mice are caused by ectopic expression ofWnt7a in the ventral
limb ectoderm. Digit loss is characteristic ofWnt7a null mice and En1/Wnt7a
double null mice. We set out to investigate the basis for the similarity of limb
defects inDkk1 deficient and En1 null mice, and to determine whetherWnt7a
acts through the canonical Wnt pathway during mouse limb development.
Using the Dkk1 hypomorphic allele doubleridge, we generated a series of
mice that are null for En1 and Wnt7a and have reduced expression of Dkk1.
Reduced Dkk1 resulted in dramatic exacerbation of the En1 null limb
phenotype, with severe skeletal fusions, and loss of skeletal elements. Digit
loss in Wnt7a null limbs was rescued by reduction of Dkk1 expression.
Surprisingly, elimination of Wnt7a in Dkk1/En1/Wnt7a triple mutants
resulted in only partial rescue of the Dkk1/En1 double mutant phenotype.
These observations lead to the following conclusions: (1) En1 synergistically
interacts with Dkk1 during limb development, as indicated by the severe
phenotype of double mutants; (2) Wnt7a acts through the canonical Wnt
pathway in establishing digit number, as indicated by rescue of digit number
by reduction of Dkk1; and (3) the interaction of En1 with the canonical Wnt
pathway is partially independent of Wnt7a, as indicated by the incomplete
rescue in triple mutants.62. A Serpin Regulates the Extracellular Protease Cascade that Gen-
erates Dorsoventral Polarity in the Drosophila Embryo. Donald
Morisato1 and Hashimotot Carl2. 1The Evergreen State College, Olym-
pia, WA; 2Yale University School of Medicine, New Haven, CT.
The establishment of dorsoventral polarity in the Drosophila embryo
depends on the ventrally restricted activation of the receptor Toll. The Toll
ligand is a proteolytically processed form of the Spa¨tzle protein generated
by the serine protease Easter. Easter circulates as an inactive zymogen in the
perivitelline fluid that surrounds the early embryo, and like Spa¨tzle, is
proteolytically activated apparently only on the ventral side of the embryo.
We present evidence that Easter catalytic activity is negatively regulated by
the serpin-type serine protease inhibitor Spn27A. Serpins are suicide
substrates that are cleaved by their target proteases at a reactive site near
the C-terminus to form a covalent serpin-protease complex. Upon co-
expression in cultured S2 cells, Spn27A forms a complex with Easter and
inhibits its Spa¨tzle processing activity. In the embryo, absence of Spn27A
results in a higher level of processed Spa¨tzle and nearly uniform activation
Abstracts 561of Toll signaling to produce a ventralized phenotype. Likewise, mutations
in Easter that inhibit complex formation with Spn27A produce embryos that
expand ventral and lateral fates at the expense of the dorsal-most domain.
As predicted, increased Spn27A completely inhibits Toll signaling to
dorsalize the embryo. Spn27A behaves as a soluble and diffusible protein
in the perivitelline fluid and does not itself appear to be spatially
prelocalized along the dorsoventral axis.63. MAP Kinase Modulation of Smad Activity during DrosophilaWing
Development. Laurel A. Raftery, Mingfa Li, Svetlana Korochkina, and
Viet Le. MGH/Harvard Medical School, Charlestown, MA 02129.
A central question in developmental biology is how a cell interprets
extracellular signals to decide its fate. Interpretation of TGFh superfamily
signals is accomplished by two intracellular Smad pathways, one specific for
BMP ligands and the other for activin-like ligands. Smad transcription factors
are cytoplasmic in unstimulated cells and nuclear in stimulated cells. The
current model for morphogenetic activity of BMPs is that different levels of
ligand activity stimulate different levels of nuclear Smad accumulation and
that different target genes are sensitive to different levels of Smads. However,
some data suggest that receptor tyrosine kinase signaling can alter the
intracellular interpretation of BMP morphogen gradients because ERK
MAP kinase phosphorylation can block nuclear accumulation of Smads.
This mechanism presents a paradox forDrosophila development, where EGF
signaling through MAP kinase synergizes with BMP signals in some tissues
and antagonizes in others. We have generated MAP kinase-resistant mutants
of the Smads that mediate BMP signaling, the R-SmadMad and the co-Smad
Medea. Both mutant Smads hyperactivate BMP signaling during wing
development, where EGF and BMP signals synergize. Although both Smads
are required for BMP signaling, MAP kinase downregulation ofMad activity
has the strongest effects at a site where BMP and EGF can synergize to
promote the wing vein fate. Conversely, MAP kinase downregulation of
Medea activity is strongest at a site where both EGF and BMP activity can
promote growth. These differences most likely arise from a dual function for
Medea in both BMP and activin signaling.64. Biochemical Analysis of Suppressor of Fused: A Negative Regulator
of Hedgehog Signaling. Paul C. Barnfield,1 Xiaoyun Zhang,2 and Chi-
chung Hui2. 1Department of Molecular and Medical Genetics, Univer-
sity of Toronto, Toronto, Canada; 2Program in Developmental Biology,
Hospital for Sick Children, Toronto, Canada.
The Hedgehog (Hh) signal transduction pathway plays a critical role
during both vertebrate and invertebrate development. In humans, aberrant
signaling has been linked to several genetic disorders and cancers. While it is
known that binding of Hh to its receptor initiates a signaling cascade, which
ultimately results in the activation of the Gli/Ci transcription factors, the
detail of Hh signal transduction remains unclear. Suppressor of fused (Su(fu))
has been identified inDrosophila as a negative regulator of Hh signaling and
is thought to act by preventing the nuclear accumulation of Ci. We have
previously cloned the mouse homolog of Su(fu) and shown that it acts as a
negative regulator of the Hh signaling pathway in mammalian cells. To
address how Su(fu) negatively influences mammalian Hh signaling, we have
begun an analysis of its functional domains. We find that Su(fu) prevents the
nuclear accumulation of the Gli proteins through both nuclear export-
dependent and -independent mechanisms. Su(fu) sequesters Gli1 in the
cytoplasm in a nuclear export-dependent manner by enhancing the activity
of Gli1’s nuclear export signal. In contrast, Su(fu) sequesters Gli2 in the
cytoplasm in a nuclear export-independent manner. While the C-terminus of
Su(fu) is required for Gli cytoplasmic sequestration, the N-terminus is
sufficient for Gli inactivation. Together, these observations reveal Su(fu)
possesses multiple functional domains and utilizes distinct cytoplasmic and
nuclear mechanisms to negatively regulate Gli function.65. Analysis of Costal2 in Mammalian Hedgehog Signal Transduction.
Shigeru Makino,1 Helen Cheung,1 Yoshiaki Yoshikawa,2 and Chi-
chung Hui1. 1Department of Developmental Biology, The Hospital
for Sick Children, Toronto, Canada; 2Department of Dermatology,
Yamaguchi Univ., Yamaguchi, Japan.
In Drosophila, Costal2 (Cos2) plays an important role in the intracellular
transduction of hedgehog signal. Cos2 is associated with microtubules and
provides a physical link between the transmembrane protein Smo and the
transcription factor Ci. To understand the mechanism of hedgehog signal
transduction in mammalian cells, we cloned mouse Cos2 cDNA. Predicted
mouse Cos2 protein has an N-terminal kinesin motor domain and a C-
terminal coiled-coil dimerization domain, which are highly conserved
between Drosophila and mammals. Colocalization studies in cultured cells
indicated that Cos2 binds to the h-tubulin subunit of microtubules through its
N-terminal domain, suggesting that mouse Cos2 may move on microtubules
like canonical kinesin molecules. To analyze the localization of Cos2 in vivo,
we generated an EGFP-tagged Cos2 mouse strain by EGFP fusion to the C-
terminal region of Cos2 by gene targeting (Cos2-EGFP). Western blot
analysis confirmed the generation of endogenous Cos2-EGFP fusion protein
in the mutant strain. In contrast to the lethal phenotype of Cos2 knockout
mice (Cos2), Cos2EGFP/EGFP as well as Cos2EGFP/ mice did not exhibit
any visible phenotypes. These results suggest that the fusion of EGFP to the
C-terminal of Cos2 did not affect the function of Cos2. This mutant mouse
strain will be a useful tool for visualizing the distribution of Cos2 in living
cells and tissues.66. A Conserved Network of Protein Interactions Downstream of LRP
Proteins Exists in Mouse and Drosophila. Brian J. Avery,1 Stacy
Vroman,1 and Gerald M. Rubin2. 1Dept. of Biology, Westminster
College, Salt Lake City, UT 84105; 2HHMI, Dept. of MCB, U. of
CA, Berkeley, CA 94720, USA.
The Low Density Lipoprotein (LRP) family proteins have been shown
to be involved in Wnt signal transduction and important during the
embryonic development of many animals. Using the yeast two-hybrid
assay to investigate the protein–protein interactions of the LRP family of
proteins, we have found a complex network of interactions among
proteins of the LRP, CAP/Vinexin, Axin, and Grb2/Drk protein families
in flies and mice. Using the fly LRP as bait, we detected interactions
between LRP and a CAP/Vinexin homolog and the fly Axin. These
interactions were confirmed by co-immunoprecipitation, and the expres-
sion of the CAP/Vinexin mRNA was investigated. We then examined the
interactions of the mouse LRP5 and LRP6 with three members of the
CAP/Vinexin protein family and found a similar pattern of interaction.
Using the mouse LRP6 in yeast two-hybrid, we discovered that it interacts
with Grb2. We further showed that Grb2 also binds to the mouse CAP.
While the fly Drk and CAP/Vinexin proteins did interact, Drk did not
interact with the fly LRP. The conserved interaction of Grb2/Drk with
CAP/Vinexin proteins in flies and mice represents a possible link between
Wnt signaling and the cytoskeleton or insulin/IGF pathways. The differ-
ence in binding of the LRP proteins of different organisms may represent
an interesting evolutionary difference in the network. To extend our
results, we are examining binding of the worm CAP, Axin, and sem5
proteins, which may be interesting because worms do not have an LRP5/
6-like molecule and may represent an ancestral pathway.67. Cross-talk Between the TGFh and Wnt Signaling Pathways in
Murine Embryonic Maxillary Mesenchymal Cells. Dennis R. Warn-
er, Robert M. Greene, Henry K. Smith, and M. Michele Pisano.
University of Louisville Birth Defects Center, Department of Molec-
ular, Cellular, and Craniofacial Biology, University of Louisville,
Louisville, KY, USA.
Abstracts562The TGFh and Wnt signaling pathways play crucial roles during
embryogenesis and mediate their cellular effects through cell surface recep-
tors and nucleocytoplasmic transcriptional regulators. Previous studies from
this laboratory, including a yeast two-hybrid screen, identified interactions
between the TGFh andWnt pathways inmurine embryonic orofacial tissue at
the level of Smad and Dishevelled-1 (Dvl-1). In vivo interaction between
Smad 3 and Dvl-1 was verified by co-immunoprecipitation assays in trans-
fected murine embryonic maxillary mesenchymal cells (MEMM). TGFh
stimulation led to an increased amount of Smad 3 immunoprecipitated with
Dvl-1, demonstrating that TGFh-elicited Smad activation modulates binding
to Dvl. Cooperation between the TGFh and Wnt signaling pathways in the
inhibition of MEMM cell proliferation was demonstrated, revealing a
functional interaction. Determination of Wnt pathway gene expression in
developing orofacial tissue via real-time PCR analyses revealed that virtually
all known Wnts and Frizzleds are expressed in the tissue. Wnt-10a and -
10b were developmentally regulated, exhibiting marked upregulation on
murine gestation day 14 during development of the secondary palate.
These results suggest that TGFh and Wnt cooperate to regulate gene
expression in MEMM cells and that Wnts are involved in orofacial
development. (This work was supported by NIH grants DE12858,
DE05550, P20 RR017702, and the Commonwealth of Kentucky Research
Challenge Trust Fund.)68. Xenopus Wnt11 and frizzled 7 Regulate Convergent Extension
Movements through cAMP/PKA Pathway. Eunjoo Park and Jin-
Kwan Han. Univ. of Pohang, Korea.
cAMP-dependent protein kinase (PKA) has various biological roles in
many organisms. Although little is known about its role in the developmen-
tal processes in vertebrate animal species, we recently reported that the level
of PKA activity is regulated along the dorso-ventral axis of early Xenopus
embryos. In this study, we examined the role of cAMP/PKA in the regulation
of Xenopus convergent extension movements. Expression of Xenopus
Wnt11 and frizzled7 reduced cAMP flux and inactivated PKA activity in
the blastula and gastrula embryos with pertussis toxin (Ptx) in a sensitive
manner. In addition, we show that PKA rescued the inhibition of convergent
extension movements induced by XWnt11 and Xfz7, implicating a possi-
bility of PKA as a component of noncanonical Wnt pathway. Furthermore,
we demonstrate that PKA is required for the subcellular localization of
Xenopus Dsh and reversed the inhibition of convergent extension move-
ments caused by injection of Xenopus RhoA mRNA. These results suggest
that PKA plays a critical role in the noncanonical Wnt signaling pathway by
regulating the localization of Dsh and RhoA function.69. Functional Analysis of a Site-Selected PHA-4 Binding Site in C.
elegans. Valerie C. Rott, Juliette Hardy, and John M. Kalb. Canisius
College, Buffalo, NY 14208.
PHA-4 is a forkhead/winged helix transcription factor that is essential for
pharyngeal organogenesis in C. elegans. PHA-4 is expressed in all five
classes of pharyngeal cells as well as in the rectum, intestine, and somatic
gonad. The pha-4 gene produces three PHA-4 protein isoforms called PHA-
4A, B, and C that differ only at their N-termini. To identify potential PHA-4
target genes expressed both inside and outside of the pharynx, the preferred
PHA-4 binding sites of all three isoforms are being determined. After six
rounds of DNA site selection from a pool of random oligonucleotides 20 bp
long, baculovirus-produced PHA-4B selects the sequence TGTGG(C/T); this
differs somewhat from the known TGTTTG PHA-4 binding site in the
promoter of myo-2, pharyngeal myosin (Kalb et al., 1998), and the high and
low PHA-4 affinity sites in the promoters of pharyngeal-expressed genes
identified by Gaudet and Mango (Gaudet and Mango, 2002). This selected
sequence has been multimerized (for greater sensitivity) and inserted into the
promoter of a GFP reporter gene. Transgenicworms are currently beingmadewith this construct to determine if the reporter gene is expressed in the same
cells or in a subset of the cells in which pha-4 is expressed. If reporter gene
expression is detected in only pha-4-expressing cells, it would imply PHA-4
binds to the selected sequence in vivo to activate transcription.
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Gaudet and Mango, 2002. Science 295, 821–825.70. Coordinated Degradation of Maternal Proteins during the Egg-to-
Embryo Transition in C. elegans. Jason Pellettieri and Geraldine Sey-
doux. Johns Hopkins University School of Medicine, Baltimore, MD
21205.
Precise temporal and spatial control of gene expression is essential for
fundamental developmental processes such as cell proliferation and embry-
onic patterning. In most organisms, these processes commence shortly after
fertilization, before the onset of transcription. How then are changes in gene
expression achieved during this period? Translational activation of maternal
RNAs is one common mechanism for generating new proteins in early
embryos. Our analysis of a C. elegans gene called minibrain-kinase-2 (mbk-
2) suggests the existence of a second, complementary mechanism—the
coordinate degradation of maternal proteins that are no longer needed, or
are needed only in particular lineages. MBK-2 is required for the degradation
of proteins involved in the transition from meiosis to mitosis as well as the
localized degradation of cell fate determinants during polarization of the
embryo. MBK-2 distribution changes dramatically after fertilization during
meiotic divisions, and this change correlates with activation of mbk-2-
dependent protein degradation. Thus, we propose that MBK-2 functions as
a temporal regulator of protein stability, enabling rapid changes in gene
expression during the egg-to-embryo transition. Intriguingly, MBK-2 is a
member of the highly conserved Dual Specificity Yak1-Related Kinase
(DYRK) family. One family member, Pom1p, was found to regulate cell
polarity and cell division in S. pombe (Bahler and Pringle, 1997), suggesting
an evolutionarily conserved role for this family of kinases during growth and
development.71. Temporal Spatial Regulation and Functional Specificity of Cutic-
ular Collagens in C. elegans Male Sensory Ray Morphogenesis. W.
S. Hui, Y. M. Lam, R. Y. L. Yu, K. L. Chow. Dept. of Biology, Hong
Kong Univ. of Sci. and Tech., Clear Water Bay, Kowloon, Hong Kong.
The extracellular matrix is critical for many developmental processes in
animals including organogenesis and tissue morphogenesis. In C. elegans,
mutations in cuticular collagen genes, ram-1, ram-2, and ram-4, result in a
lumpy ray phenotype and alter the male tail morphology. Using reporter gene
driven by ram gene promoters, we show that all these collagen genes are
expressed in the sensory ray hypodermis from late L4 stage until young
adulthood. They share overlapping but not identical expression patterns in the
retracting male tail. In addition, positive and negative regulatory elements
have been identified in the ram-4 promoter by deletion analysis. Although
most of these cuticular collagens share high protein similarity, their func-
tional specificity was still unknown. Since expression of the N-terminus
alone, but not the C-terminus of RAM-4, is capable of interfering normal ray
morphogenesis, the N-terminus has been implicated in controlling functional
specificity. This hypothesis is also supported by the similar interference
caused by expressing dominant RAM-1 and RAM-2 proteins. Meanwhile,
using DPY-13 and RAM-4 as a testing model, domain swapping between
these two proteins is carried out. Although these two collagens are classified
into the same group, they display distinct developmental functions. Rescue
experiment with collagen molecules with the N-terminus substituted would
provide insights into the functional specificity of collagens and the control of
their assembly.
Abstracts 56372. Identifying Regulators of Pharynx Development in C. elegans. Jeb
Gaudet and Indra Raharjo. Univ. of Calgary, Calgary, AB T2N 4N1.
The primary interest of our lab is the control of organ formation. We use
the pharynx (or foregut) of C. elegans as a model for organogenesis. During
organ formation, cells acquire distinct fates in response to a host of regulators,
many of which encode transcription factors. These factors function combi-
natorially to regulate the expression of target genes during precise times and
in particular cell types within a developing organ. Previous work identified
candidate regulatory sequences in the promoters of pharyngeally expressed
genes. Two of these sequences, Early-1 and Early-2, are each necessary and
sufficient for pharyngeal expression. The identification of factors acting
through these sights will provide insight into the organization of the network
that controls organ formation. Our current goal is to identify the trans-acting
factors that bind to the Early-1 and Early-2 elements. Early-1 does not
resemble any known transcription factor binding site, so we are performing
both molecular and genetic screens to identify candidate factors that act
through this site. In contrast, Early-2 closely resembles a nuclear hormone
receptor (NHR) half-site. C. elegans has approximately 270 NHR-encoding
genes, some of which are expressed in the pharynx. We are therefore using
RNA-mediated interference to screen candidate NHR genes for a possible
role in Early-2-mediated expression.73. Timing and Patterning of Gene Expression in the C. elegans
Intestine. Jie Yan,1 Tetsunari Fukushige,2 and James D. McGhee1.
1Department of Biochemistry and Molecular Biology, University of
Calgary, Calgary, Alberta, Canada; 2Laboratory of Molecular Biology,
NIH, Bethesda, MD, USA.
The C. elegans pho-1 gene encodes a histidine acid phosphatase enzyme
that is GPI-anchored to the edge of the gut lumen. Loss of pho-1 activity is
essentially lethal. pho-1 shows two features that should allow us to investi-
gate the molecular mechanism responsible for both the timing and the
anterior–posterior patterning of gene transcription within the developing
worm gut. (1) pho-1 is first expressed late in embryogenesis, just before
hatching. In contrast, the gut-specific ges-1 gene is first expressed when the
gut has only four cells, that is, several hours and several cell divisions earlier
than pho-1. Yet, both genes are controlled by the cis-acting promoter
sequence ACTGATAA, which binds tightly to the gut-specific GATA factor
ELT-2. (2) pho-1 is not expressed in the anterior six cells of the gut. In
contrast, the ges-1 gene is expressed in all cells of the gut and a modified ges-
1 transgene is expressed only in the anterior six gut cells.We are investigating
how these two phenomena, the late embryonic expression and the anterior–
posterior patterning, act on the pho-1 promoter. More specifically, we are
investigating models in which (i) a ‘‘temporal repressor’’ inhibits the action
of the ELT-2 GATA factor until the correct time late in embryogenesis, and
(ii) a zygotic gut-autonomous application of the wingless-Wnt pathway
controls the spatial levels of a downstream effector (the HMG protein
POP-1) that directly controls pho-1 transcription. These two models are
being tested by a detailed transgenic analysis of the pho-1 promoter.74. Regulation of the elt-2 GATA-Factor Gene in the C. elegans
Intestine. Janette Berg, Barb Goszczynski, and Jim McGhee. Genes
and Development Research Group, University of Calgary.
TheC. elegans intestine has only 20 cells and arises clonally from a single
cell (the E cell) in the eight cell embryo. ELT-2 is a zinc-finger GATA
transcription factor present early in gut development (at the 2E cell stage) and
is expressed in all intestinal cells thereafter. Current evidence suggests that
ELT-2 is a major regulator of genes expressed in the gut following gut
specification. We would like to determine which transcription factors are
initiating expression of elt-2 and how elt-2 expression is maintained
throughout the life of the worm. elt-2 promoter–GFP fusions indicate thatan approximately 5 kb 5V-flanking region of the elt-2 gene contains all the
sites necessary to recapitulate the elt-2 expression pattern. Sequence com-
parisons between C. elegans and the related nematode C. briggsae show that
there are four highly conserved regions within this 5-kb flanking region, and
we are investigating the function of each region. A 5V and 3V deletion series
has identified the region responsible for initiating elt-2 expression. This
approximately 1-kb region contains numerous predicted binding sites for
transcription factors present in the early gut lineage, such as the zygotically-
produced GATA-factor END-1 involved in gut-specification, the maternally
derived bZIP factor SKN-1 involved in deciding the fate of the gut-cell
precursor, and for ELT-2 itself (elt-2 is known to autoregulate its own gene).
By using gel electrophoretic mobility shift assays, we have shown that many
of these predicted binding sites do indeed bind the expected factor in vivo.We
are now defining the function of each of these individual binding sequences.75. The Mechanisms Behind Functional Redundancy of Transcription
Factors in Drosophila melanogaster. Holly A. Field and Kevin P.
White. Yale University, New Haven, CT 06510.
Functional redundancy of transcription factors is an important aspect of
complex developmental regulatory networks. In Drosophila melanogaster,
there are several transcription factor pairs in which one can, at least partially,
compensate for the function of the other. Engrailed (En) and Invected (Inv) is
one such pair. Embryos carrying a loss of function allele of en show varied
segment fusion while those carrying a loss of function allele of inv are viable
with no noticeable segmentation phenotype. Interestingly, a deletion that
results in null alleles of both en and inv causes a much more severe
segmentation phenotype than would be expected by simply adding the
affects of the two single mutations (Gustavson et al., 1996). En has been
shown to both activate and repress transcription. One explanation for the
redundancy is if Inv can compensate for one of these functions but not the
other, while En can properly regulate all Inv’s downstream targets involved in
segmentation. To test this hypothesis, gene expression microarray experi-
ments are underway to identify the downstream targets of both En and Inv.
Another method to compare the function of these transcription factors is to
map their DNA binding sites in vivo. If the hypothesis above is true, one
might expect to find En and Inv binding separate sites in wild-type embryos,
En additionally occupying all Inv sites in inv mutant embryos, and Inv
binding only a subset of En sites when En is absent. Combining the data from
microarray expression analyses and in vivo genomic binding sites will help
elucidate the nature of the functional overlap of En and Inv.
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Abstract #76 will be presented as scheduled, but the abstract cannot
be published due to lack of license agreement between authors and
publisher.77. Expression of Aminopeptidase N during Sea Urchin Development.
Eric P. Ingersoll and Ashley J. Martin. Penn State Abington, Abington,
PA 19001.
Aminopeptidase N (APN) is a ubiquitous enzyme that plays a role in
many normal and pathological processes. Recent evidence suggests that
Abstracts564APN plays a role in the embryonic development of fruit flies and
nematodes. We have examined the expression of APN during the
development of the sea urchin embryo to learn more about the possible
roles of this enzyme in embryonic development. Our initial studies
examined the APN enzyme activity levels during the development of
two different species of sea urchins. We have found the highest levels of
APN activity in the egg and larva with a small peak at the blastula stage.
Lower levels of activity were found at other stages. We have an antibody
that recognizes APN from the tobacco hornworm moth, and we will
present data on our attempts to localize and characterize the expression
of sea urchin APN using this antibody. In addition, we have recently
obtained a cDNA clone of a sea urchin APN gene. We will present data
on the available sequence of this gene and its similarity to APN from
other organisms.78. A Functional and cis-Regulatory Analysis of SpGata-e. Pei Yun Lee
and Eric H. Davidson. California Institute of Technology, Pasadena, CA
91125.
SpGata-e is the S. purpuratus ortholog to vertebrate Gata 4/5/6 genes.
The expression of SpGata-e is first detected in the vegetal plate during the
blastula stage. Its expression expands to include the endoderm and
mesoderm at the onset of gastrulation. In the gastrula, SpGata-e is
expressed in the tip of the archenteron and hindgut. By the end of
embryogenesis, SpGata-e is expressed in the midgut and coelomic
pouches. Quantitative PCR experiments performed on embryos whose
SpGata-e expression was knocked down with an antisense morpholino
oligonucleotide reveal that SpGata-e directly or indirectly activates many
endoderm and mesoderm transcription factors. Combined with data
obtained from other genes in the construction of the sea urchin gene
network, we conclude that the role of SpGata-e is to lock in the
commitment of the endomesoderm developmental program. Comparison
of the S. purpuratus and L. variegatus Gata-e genomic regions using the
program FamilyRelations identified 28 conserved regions. These con-
served regions were then cloned into GFP reporters and tested in the sea
urchin embryo. Of the reporter constructs tested thus far, a 600-bp DNA
sequence in intron 1 is the cis-regulatory element responsible for SpGata-
e expression in the endomesoderm at the hatching and mesenchyme
blastula stages. A search in the sequence of this active cis-regulatory
element identified three putative SpOtx binding sites. The expression seen
with this GFP reporter was abolished by the co-injection of an mRNA in
which the Otx DNA binding domain was fused to the engrailed repressor
domain. Mutational analyses have shown that SpOtx binding sites are
functional.79. Fish N’ Chips: Using DNA Microarrays to Analyze Gene Expres-
sion Changes in Zebrafish Embryos Deficient in Histone Deacety-
lase-1 (HDAC-1). Louise E. Coverdale and Cristofre C. Martin.
Department of Biology, Univ. of Ottawa, Ottawa, ON K1N 6N5
Canada.
Histone deacetylases facilitate epigenetic gene repression through
interactions with methylated DNA and several proteins, including
methyl-cytosine binding proteins. Gene repression is accomplished by
deacetylation of histone tails by HDAC-1, which results in the forma-
tion of transcriptionally inactive heterochromatin. Through the microin-
jection of an anti-sense morpholino oligonucleotide into one-cell stage
zebrafish embryos, we have created zebrafish knockdown embryos
deficient in HDAC-1. These embryos phenocopy homozygous hi1618
mutant embryos, which contain a viral insertion at the hdac-1 gene
locus. Our laboratory has characterized the phenotype of both of these
HDAC-1-deficient embryos, and it has revealed a complex phenotype
with many developmental abnormalities. These abnormalities includeheart defects, absent peripheral blood flow, pericardial edemas, absence
of craniofacial cartilage, lack of pectoral fins, and body axis defects.
Due to the known function of HDAC-1 as a transcriptional repressor,
we anticipate that the abnormalities seen in HDAC-1-deficient embryos
are the result of the mis-expression of many genes. Using a 3.5-k
zebrafish microarray, we have been able to identify several genes that
are differentially expressed in hdac-1 morphant and mutant embryos
compared to control embryos. The differential expression of several
genes will be further validated through Q-PCR, Northern blots, and
reverse Northern blots.80. Histone Deacetylase 1 (HDAC-1) Essential for Craniofacial Carti-
lage and Pectoral Fin Development in Zebrafish, Danio rerio.
Renjitha Pillai, Louise E. Coverdale, Gaytri Dubey, and Cristofre C.
Martin. Univ. of Ottawa, Ottawa, ON K1N 6N5 Canada.
Histone deacetylases (HDACs) deacetylate the histones to facilitate
the formation of transcriptionally repressed chromatin. In the present
study, we show that the histone deacetylase 1 (hdac-1) gene is
expressed throughout the embryonic development of zebrafish. hdac-1
expression is ubiquitous in early embryos (2–16 h postfertilization), but
at later stages (24 and 48 h postfertilization), it is primarily restricted to
the branchial arches, fin bud mesenchyme, and hindbrain. We also
report the phenotypes, two types of HDAC-1-deficient embryos: hdac-1
homozygous insertional mutants and embryos injected with an hdac-1
antisense morpholino. These embryos possess a very complex phenotype
that includes formation of cleft eyes, a stretched tubular heart, pericar-
dial edema, comparatively slow heart beat, absence of blood flow,
formation of blood pools along the body axis, curvature of the body,
small or absent pectoral fins, and lack of craniofacial cartilages. We
have utilized in situ hybridization and histological analysis to charac-
terize the abnormal embryonic development of HDAC-1-deficient em-
bryos. Our results thus highlight a crucial role for HDAC-1 in the
development of zebrafish.81. Characterization of the pufferfish Otx2 cis-Regulators Reveals
Evolutionarily Conserved Genetic Mechanisms for Vertebrate
Head Development. Chiharu Kimura-Yoshida,1 Izumi Oda-Ishii,1
Makoto Kobayashi,2 Shinichi Aizawa,3 and Isao Matsuo1. 1Head
Organizer Project, Vertebrate Body Plan Group, RIKEN CDB, Kobe,
650-0047, Japan; 2University of Tsukuba; 3RIKEN CDB.
The Otx2 gene, containing a highly conserved paired type homeo-
box, plays a pivotal role in the development of the rostral head
throughout vertebrates. Precise regulation of the temporal and spatial
expression of Otx2 is likely to be crucial for proper head formation.
However, regulatory mechanisms of Otx2 expression remain largely
unknown. In this study, the Otx2 genome of the puffer fish, Fugu,
which has been proposed as a model vertebrate due to its highly
compact genome, was cloned. To elucidate regulatory mechanisms of
Otx2 expression, the expression of Otx2-lacZ reporter genes nearly
covering the Fugu Otx2 locus from 30.5 to +38.5 kb was analyzed
via generation of transgenic mice. Subsequently, seven independent cis-
regulators were identified over an expanse of 60 kb; these regulators
are involved in the mediation of spatiotemporally distinct subdomains
of Otx2 expression. Moreover, these cis-regions were also able to
direct expression in zebrafish embryos equivalent to those in transgenic
mice. Further comparative sequence analysis of mouse and pufferfish
intergenic regions revealed eight highly conserved elements within
these cis-regulators. Therefore, we propose that, in vertebrate evolution,
the Otx2 promoter acquires multiple, spatiotemporally specific cis-
regulators to precisely control highly coordinated processes in head
morphogenesis.
Abstracts 56582. Regulation of the Math5 Gene: A Transgenic Analysis during
Mouse and Frog Retinal Development. Malgorzata E. Jungerman,1
Tien T. Le,1 David C. Blackburn,3 Dave Hutchenson,2 Monica L.
Vetter,2 and Nadean L. Brown1. 1Divisions of Developmental Biology
and Ophthalmology, Children’s Hospital Research Foundation, Cin-
cinnati, OH; 2Dept. of Organismic and Evolutionary Biology, Harvard
University, Boston, MA; 3Dept. of Anatomy and Neurobiology,
University of Utah School of Medicine, Salt Lake City, UT.
Vertebrate Ath5 genes are dynamically expressed by a subset of retinal
progenitor cells during early retinal development. Targeted deletion of
mouse Ath5 (Math5) or mis-expression of Xenopus Ath5 (Xath5) showed
that these orthologs are critically required for the specification of retinal
ganglion cell fate. To understand the regulation of Math5 in the retina, we
created constructs with different genomic DNA fragments driving a GFP
reporter. We first tested the mouse constructs in the developing frog eye to
rapidly screen for GFP expression and for direct comparison of Xath5 and
Math5 regulation. We then created transgenic mice carrying the relevant
constructs. From this we determined that Math and Xath5 differ in the
amount of 5V upstream regulatory DNA needed for optic cup expression.
Using these tools, we have also further investigated the regulation of Math5
by Pax6 and Hes1. Our progress on these studies will be presented.83. Transgenic Analysis of XenopusMRF4 Gene Regulation. Timothy J.
Hinterberger and Theodore C. Wright. Univ. of Alaska Anchorage.
MRF4 is a bHLH transcription factor and one of the four muscle
regulatory factors (MRFs) expressed exclusively in vertebrate skeletal
muscle, where it helps activate muscle structural genes. In mammals,
MRF4 transcription is activated by the other three MRFs and by MEF2
proteins. Xenopus laevis, both embryos and adults, shows substantially
different MRF expression patterns than do mammals (e.g., myogenin
expression is absent until metamorphosis), indicating that there must be
differences in the underlying gene regulatory network mechanisms. We
report here that, unlike rat and mouse MRF4 that require at least several
kilobases of upstream sequence for expression in myotomes of transgenic
mice, as little as 180 bp 5V to the start codon of XMRF4a is sufficient for
transgene activity in Xenopusmyotomes, although additional sequence up to
several kb increases activity levels. The minimal promoter has a MEF2 site,
but no apparent site forMRF protein binding. Studies in transgenicmice have
shown that distinctMRF4 regulatory regions are responsible for expression in
myotomal versus limb muscle, so we were interested whether a short
XMRF4a promoter would drive transgene expression also in postmetamor-
phic body and limb muscles. We observed expression in body and limb
muscles of transgenic froglets with as little as 600 bp of XMRF4a. Thus,
mammalian and Xenopus MRF4 genes share a requirement for MEF2
activation, but they differ in that XMRF4a is probably not directly activated
by MRFs, and a minimal XMRF4a promoter is sufficient for both myotomal
and limb expression. All MRF4 gene promoters that have been studied
require upstream enhancers for full expression, but their role in Xenopus is
subtler.84. Identification of Candidate HOX Effectors. Thomas M. Williams,
Melissa E. Williams, Rork Kuick, David E. Misek, Kevin T. McDo-
nagh, Samir M. Hanash, Jeffrey and W. Innis. University of Michigan,
Ann Arbor, MI 48109.
Hox genes encode transcription factors that regulate the morphogenesis
of developing embryos. In mammals, knowledge of the genes and cis-acting
sequences through which these highly conserved proteins regulate develop-
ment is limited. To identify genes whose expression is regulated by posterior
HOX proteins, we expressed HOXA13 in a mouse mesenchymal cell line
lacking expression of any group 13 paralog using a bicistronic HOXA13/EGFP retroviral vector. EGFP-based FACS was used to collect enriched
populations of cells, stably expressing HOXA13 and EGFP or EGFP alone,
for RNA isolation. Utilizing Affymetrix Mouse Gene Arrays, we identified
138 genes that exhibited significantly increased or decreased (P < 0.01; >1.5-
fold) expression in HOXA13-expressing cells. Among these are genes
involved in cell death, TGF-h signaling, cell-surface molecules, extracellular
matrix, and membrane metabolism. One zinc-finger transcription factor Fhl1
was upregulated 30-fold. Differences were confirmed for 10 selected
candidates by semiquantitative RT-PCR using independent RNA prepara-
tions. Expression of these 10 genes was demonstrated by RT-PCR in the
mouse female genital tract and developing limb bud, two regions of known
Hoxa13 expression.Whole mount in situ hybridization withHoxa13mutants
is being used to test whether in vivo expression of these candidate genes is
altered in the mutant background. Additionally, we are testing whether other
posterior HOX proteins can regulate these candidates to explore the degree of
functional redundancy at the target gene level.85. Hoxa5 Regional Expression along the Developing Anteroposterior
Axis Necessitates the Cooperation of Several DNA Regulatory
Elements. Se´bastien Tabarie`s and Lucie Jeannotte. Centre de recherche
de L’Hoˆtel-Dieu de Que´bec, Que´bec, Canada G1R 2J6.
Hox gene function is intimately linked to their correct developmental
expression. Using genetic analyses, we have unveiled the crucial role of the
Hoxa5 gene in axial specification and during ontogeny of several organs. By
transgenesis, we have pursued our quest for the regulatory elements involved
in the control of the specific spatiotemporal Hoxa5 developmental expres-
sion.We have identified a 2.1-kb mesodermal enhancer sequenceMES in the
3V of the Hoxa5 coding sequences. The MES region targets transgene
expression in mesodermal derivatives of the cervico-upper thoracic level.
Deletion analyses have revealed that MES contains two DNA regulatory
sequences, identified as the AvEc-164-bp and the PsHi-331-bp fragments,
necessary for the positioning of the posterior boundary at the level of
prevertebra 10. This boundary corresponds to the posterior limit of expres-
sion of the major Hoxa5 transcript. We have shown that CDX proteins bind
the AvEc-164-bp fragment. In the case of the PsHi-331 bp, it possesses
enhancer properties and may participate to caudally restrict Hoxa5 expres-
sion in cooperationwith the AvEc-164 bp. Furthermore, EMSAs indicate that
proteins present in mouse embryo extracts can bind the PsHi-331 bp. The
results of these studies onHoxa5 gene regulation and their impact on regional
patterning will be presented. (Supported by the CIHR, FRSQ, and NIH
(USA).)86. Genetic Interaction between the Polycomb Group Gene M33 and
the ETP Group Gene Asxl1 in Mice. Cynthia L. Fisher,1 Keith
Humphries,2 Toru Higashinakagawa,3 and Hugh W. Brock1. 1Depart-
ment of Zoology, University of British Columbia, Vancouver, Canada;
2Terry Fox Laboratory, BC Cancer Research Centre, Vancouver,
Canada; 3Department of Biology, Waseda University, Tokyo, Japan.
Mutations in ETP group epigenetic regulators enhance both Polycomb
(PcG) and trithorax (trxG) group gene mutations in Drosophila, result in
both posterior and anterior homeotic transformations, and hence may
mediate both silencing and maintenance of activation of Hox genes during
development. The Additional sex combs (Asx) gene of Drosophila is an
ETP gene and is homologous to Asx-like-1 (Asxl1) in mammals (Fisher et
al., 2003, Gene 306, 115). We have previously presented preliminary
information on the phenotype of Asxl1/ mice (SDB meeting 2002). If
Asxl1 is a truly conserved ETP gene, mutations in Asxl1 will enhance
mutations in both PcG and trxG genes in mice. To test this hypothesis, we
generated compound mutants for Asxl1 and the PcG gene M33 (Katoh-
Fukui et al., 1998, Nature 393, 688). Compound Asxl1;M33 mutants
exhibit enhanced lethality and more severe and highly penetrant axial
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mutants. These results are consistent with the classification of Asxl1 as a
true ETP gene in mice. We are currently analyzing Hox gene expression in
Asxl1 and Asxl1;M33 mutants to characterize mis-expression patterns that
correlate with defects in axial patterning. Further investigation of the
function of Asxl1 will provide insight into the interacting regulatory
mechanisms governing maintenance of gene repression and activation
states through cell division, differentiation, and development.87. Effect of DNA Methylation on 11h-Hydroxysteroid Dehydrogenase
Type 2 Gene. Rasoul Alikhani-Koopaei, Fatmeh Fouladkou, Felix J.
Frey, and Brigitte M. Frey. Division of Nephrology and Hypertension,
Inselspital, 3010 Berne, Switzerland.
11h-Hydroxysteroid dehydrogenase type 2 (11hHSD2) is selectively
expressed in aldosterone target tissues, where it confers aldosterone
selectivity for the mineralocorticoid receptor by inactivating 11h-hydrox-
yglucocorticoids. Inactivation of cortisol and corticosterone appears to be
central to the protection of gonadal steroidogenesis, prevention of
intrauterine growth retardation, and lactation. Variable activity of
11hHSD2 is relevant for blood pressure control and hypertension. The
present investigation aimed to elucidate whether epigenetic mechanisms
such as DNA methylation and histone acetylation accounts for the
control of the HSD11B2 gene expression. CpG islands covering promoter
and exon 1 of HSD11B2 were found to be densely methylated in low-
expressing, but not in high-expressing, human tissues and cell lines. 5-
aza-2V-deoxycytidine- and procainamide-induced demethylation enhanced
transcription and 11hHSD2 activity in human cell lines in vitro and in
rats in vivo. Methylation of HSD11B2 promoter-luciferase constructs
decreased transcriptional activity. Methylation of recognition sequences
of transcription factors, including those for Sp1/Sp3, Arnt, and NF1,
diminished their DNA-binding activity. Herein, NF1 was first identified
as a strong HSD11B2 stimulatory factor. A MeCP1-like transcriptional
repressor complex directly interacted with the methylated HSD11B2
promoter. In conclusion, these results satisfy the criteria for a role of
DNA methylation in HSD11B2 gene repression and demonstrate for the
first time an epigenetic mechanism affecting a gene causally linked with
hypertension.88. Developmentally Regulated Alternative Splicing in Heart Involves
Antagonism between CELF and PTB/MBNL Proteins. Andrea N.
Ladd and Thomas A. Cooper. Dept. of Pathology, Baylor College of
Medicine, Houston, TX 77030.
Inclusion of exon 5 of cardiac troponin T (cTNT) is developmentally
regulated such that it is included in embryonic but not adult heart. CUG
binding protein (CUG-BP) and ELAV type RNA binding protein 3 (ETR-3)-
like factor (CELF) proteins promote exon inclusion while polypyrimidine
tract binding protein (PTB) and muscleblind-like (MBNL) proteins repress
exon inclusion. To understand how this antagonism modulates cTNT
alternative splicing, we investigated CELF, PTB, and MBNL1 protein
expression in the developing heart. Three CELF proteins, CUG-BP, ETR-
3, and CELF4, are expressed in heart. A dominant-negative protein was used
to demonstrate that CELF activity is required for enhanced cTNT exon
inclusion in primary embryonic cardiomyocyte cultures. CUG-BP and ETR-
3 proteins are present in the nucleus in embryonic cardiomyocytes, but are
downregulated in the adult. CELF4 is cytoplasmic throughout heart devel-
opment, so does not participate in alternative splicing regulation. In contrast,
PTB and MBNL1 are present in the nucleus in adult heart. Thus, in
embryonic cardiomyocytes, positive regulation predominates; ETR-3 and
CUG-BP promote exon inclusion. In adult cardiomyocytes, however, neg-
ative regulation predominates; ETR-3 and CUG-BP levels are low, and in
their absence, PTB or MBNL1 inhibits inclusion. Interestingly, although theETR-3 protein is downregulated in adult heart, previous reports suggest that
ETR-3 RNA is expressed in the adult heart. Here, we present evidence that
developmental changes in ETR-3 expression in the heart are posttranscrip-
tionally regulated at the level of protein synthesis or stability.89. Rex-1, a Zinc Finger Family Transcription Factor, Plays an
Important Role in Visceral Endoderm Development. Siming W.
Chen, Juliana Xu, and Lorraine J. Gudas. Weill Medical College of
Cornell University.
Rex-1, a zinc finger family transcription factor, is expressed specifically
in pluripotent mouse embryonic stem cells (MESCs) and in embryonal
carcinoma cells (ECs). The role of Rex-1 in the maintenance of the
pluripotency of MESCs and ECs, and the differentiation of these cells is
poorly understood. To assess the function of Rex-1, our lab generated a Rex-1
loss-of-function mutant in F9 ECs. We used the F9 differentiation system in
our study since culturedmurine F9 ECs resemble the pluripotent stem cells of
the inner cell mass of the mouse blastocyst and, depending on the treatment,
can be induced to differentiate along the primitive endoderm, the parietal
endoderm, or the visceral endoderm pathway. To examine the function of the
Rex-1 protein in F9 cell differentiation, we induced F9 cell aggregates to
differentiate with the addition of retinoic acid. By comparing the expression
of cell lineage markers in cultured F9 wild-type ECs with that of Rex-1
mutant cells, we found that Rex-1 regulates several genes important for
visceral endoderm differentiation. We are also in the process of making a
Rex-1 gain-of-function mutant in F9 cells.90. Involvement of Sox4 in Endocrine Pancreatic Cell Differentiation.
Anastasia Mavropoulos,1 Nathalie Devos,1 Frederic Biemar,1 Elisabetta
Zecchin,2 Francesco Argenton,2 Helena Edlund,3 Bernard Peers,1 and
Joseph A. Martial1. 1Laboratoire de, Biologie Moleculaire et de Genie
Genetique, Universite de Liege, Institut de Chimie, Batiment B6, 4000
Liege (Sart-Tilman), Belgium; 2Dipartimento di Biologia, Universita di
Padova, Via U. Bassi 58b, 35131 Padova, Italy; 3Umea Centre for
Molecular Medicine, Umea University, SE-901 87 Umea, Sweden.
Pancreas development has been shown to rely on a network of transcrip-
tion factors belonging mainly to the Homeodomain and Helix-Loop-Helix
families. In this study, we show that the HMGbox transcription factor Sox4 is
expressed in the developing pancreas both in mice and zebrafish. Two
orthologue genes of mammalian Sox4, sox4a, and sox4b are present in the
zebrafish genome and show differential expression patterns in the pancreatic
anlage. On one hand, sox4a mRNA is present as soon as late gastrula in the
mid-trunk endoderm, from which pancreas derives, and then on the expres-
sion in this region strongly decreases. On the other hand, sox4b is expressed
at higher levels in the pancreatic region from early somitogenesis until the
first day of development. More precisely, sox4b is not expressed in differ-
entiated a, h, nor g endocrine cells but seems restricted to precursor cells of
the pancreatic endocrine lineage. Moreover, in zebrafish mutants smu and
mib, respectively disrupted in the Sonic hedgehog and Notch signalling,
sox4b expression is affected as described for pancreatic endocrine genes.
Functional studies based on morpholino- and dominant-negative approaches
suggest that the zebrafish sox4 genes are involved in the differentiation of
endocrine pancreatic cells.91. Expressions of TGF-betas and BMPs during Development of Mouse
Tongue. Akira Yamane and Junji Nagata. Tsurumi Univ., Yokohama,
Japan.
TGF-hs strongly stimulate the proliferation of cultured myoblasts,
including the C2 and L6 cell lines, although they inhibit their differen-
Abstracts 567tiation. BMP-2 is known to play an essential role in the specification of
C2 cells during their differentiation into muscle cells. However, little is
known about the roles of these growth factors during the development of
tongue striated muscle. To determine when and where TGF-h1, 2, 3,
BMP2 and 4 are expressed in mouse tongues between embryonic day (E)
11 and birth, we analyzed their expression levels of mRNA by compet-
itive polymerase chain reaction in combination with reverse-transcription,
and their localization by immunohistochemistry. The expression levels for
TGF-h1 and TGF-h3 mRNAs increased between E11 and E15, then
decreased until birth. BMP-2 mRNA was expressed at a high level
between E13 and E15, and decreased thereafter. The expression levels
for TGF-h2 and BMP-4 mRNAs gradually decreased throughout all of
the developmental stages studied. By contrast, we observed immuno-
reactions for all growth factors except for TGF-h3 from E15, while those
for TGF-h3 were present by E12 in the tongues. The myotubes and
myofibers at E17 and birth were intensively immunostained for all growth
factors studied. The discrepancy between the mRNA expression and
immunolocalization for the growth factors was probably due to differ-
ences in the turnover rate between mRNA and protein. The immunoloc-
alization of the growth factors indicates that there are roles for TGF-hs
and BMPs in the differentiation and maturation of mouse tongue muscle
cells, although these roles may differ from those in the C2 and L6
myogenic cell lines.92. Roles of DET1 and DDB1 in Plant Development. Dana F. Schroeder.
University of Manitoba, Winnipeg, MB.
Light is an important regulator of plant development. Arabidopsis de-
etiolated 1 (det1) mutants develop like light-grown seedlings when grown
in the dark, as well as exhibiting additional phenotypes when grown in
the light. A novel nuclear protein DET1 was epitope-tagged and shown to
function as a complex. The complex was purified and found to contain
the plant homologue of Damaged DNA-Binding protein 1 (DDB1), first
identified as a component of the UV-DDB complex involved in human
nucleotide excision repair. The Arabidopsis genome contains two ddb1
homologues, ddb1a and ddb1b. While ddb1a single mutants exhibit no
obvious phenotype, det1 ddb1a double mutants exhibit enhanced det1
phenotypes for all traits examined, thus det1 and ddb1 interact genetically
as well as biochemically. Further investigation of the genetic and
biochemical roles of DET1 and DDB1 during plant development is in
progress. An epitope-tagged version of DDB1A has been introduced into
DET1-overexpression and loss of function lines and characterization of
the physiology and biochemistry of these lines is underway. Evidence
from other systems has implicated DET1 and DDB1 in chromatin
remodelling, protein degradation, and DNA repair. The roles of Arabi-
dopsis DET1 and DDB1A in these pathways in being examined by
combining loss of function alleles and epitope-tagged versions of DET1
and DDB1A with known mutants in these pathways. Results of these
studies will be presented.93. A Discovery Workspace for Gene Regulation Motifs and Modules.
Gordon Robertson, Misha Bilenky, Maik Hassel, Sheldon McKay,
Monica Sleumer, Tony Fu, Asim Siddiqui, and Steven Jones. Canada’s
Michael Smith Genome Sciences Centre, Vancouver, BC, Canada V5Z
4E6.
Biological scientists who seek to use computational motif and
module discovery methods to prioritize biological tests face challenges.
Discovery can involve many related sequences; many predictive tools
are available, each with a range of adjustable parameters; and predictive
accuracy can depend on how a method maps to the information in input
sequences. We describe a software workspace for motif and module
discovery that is designed to address these issues. The workspace is partof the Genome Canada-funded Bioinformatics of Mammalian Gene
Expression platform. Jobs are easily submitted, multiple methods and
parameter settings are tested simultaneously, calculations are run in
parallel on a cluster, results are assessed quickly because they are
presented graphically in the context of genomic annotations, and all
runs are traceable and repeatable. Discovery methods currently include
MEME, Gibbs Recursive Sampler, Teiresias, MotifSampler, (W)CON-
SENSUS, ANN-Spec, and PhyloCon. New methods are easily added.
Scans can also be run with known binding site sequences and position
matrices. The workspace supports generating reliable predictions; users
can combine and compare results from different methods, and can
benchmark and annotate discovery results using known sites and
binding matrices. We use the workspace in collaborative research on
mammals and model organisms with biological scientists. The collabo-
rations leverage the participants’ strengths, focus software development,
and facilitate the biological tests that iteratively improve prediction
reliability.94. Cloning and Characterization of CDC25 Homologues from the
Zebrafish, Danio rerio. Damian E. Dalle Nogare and Mary Ellen
Lane. Rice University, Houston, TX 77030.
The CDC25 phosphatases are critical regulatory proteins involved in
progression through the eukaryotic cell cycle. The string and twine loci,
which encode the Drosophila orthologs of ccdc25, have been shown to
play important roles in the spatiotemporal regulation of cell cycle
progression in Drosophila embryos and in meiotic divisions. The role
of these proteins in vertebrate embryonic development has not, however,
been fully elucidated. We have pursued a sequence-based cloning effort to
isolate members of this gene family in the zebrafish, Danio rerio. Using a
combination of database and library screening and RACE protocols, we
have determined the sequence of two Danio rerio CDC25 homologues.
Results of in situ hybridization experiments show dynamic post-MBT
expression of one CDC25 isoform throughout development, while the
other appears to be constitutively expressed.95. Identification of Meox2 Binding Proteins and Direct Transcrip-
tional Targets. Mona T. Friesen, Ji-Jin Lin, Kathy Rawszer, and
Jeffrey T. Wigle. University of Manitoba and Division of Stroke and
Vascular Disease, St. Boniface Research Centre, Winnipeg, Canada
R2H 2A6.
Adult differentiated vascular smooth muscle cells (VSMCs) and
cardiomyocytes do not actively proliferate under normal physiological
conditions. However, VSMCs do reenter the cell cycle and actively
proliferate in response to vascular injury such as balloon angioplasty or
an atherosclerotic lesion. Meox1 and Meox2 were initially isolated as
homeobox genes expressed during the early patterning of murine meso-
derm. Meox2 (also know as gax) was also shown to be downregulated at
the protein and mRNA level as VSMCs reenter the cell cycle. A
functional role for Meox2 in regulating cardiovascular cell cycle progres-
sion has been supported by the finding that its overexpression induces a
cell cycle arrest in VSMCs and cardiomyocytes. Little is known about the
identities of Meox2 binding proteins or direct Meox2 transcriptional
targets. Our goal is to elucidate the molecular mechanism by which
Meox2 regulates the cardiovascular cell cycle. To achieve this goal, we
are conducting a yeast 2-hybrid screen to search for Meox2 binding
proteins using a human heart cDNA expression library. We have used
full-length Meox2 and Meox2 with the histidine/glutamine-rich domain
deleted as baits for this screen. To identify direct Meox2 targets, we are
characterizing the mechanisms by which Meox2 regulates potential
candidate genes by using mutant Meox2 proteins that are either unable
to localize to the nucleus or to bind to DNA.
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Capacity and Increased Cell Cycle Length with Increased in Vitro
Passage. Rita A. Meyer. Dept. Biomedical Sciences, Creighton Uni-
versity, Omaha, NE 68178.
Human mesenchymal stem cells (hMSC) cultured from adult bone
marrow are normal cells with a finite life span. The cells are multipotent
and can differentiate into a variety of mesenchymal tissues, for example,
bone, cartilage, fat, and muscle, when treated with the appropriate media. We
serially passed the cells and compared early (2–4), mid (6–7), and late (9–
10) passages. The cells become senescent at about passage 12. Cells from
early passages grown in differentiation media readily differentiated into
multiple cell lineages (osteogenic, chondrogenic, adipogenic, and myogenic)
in contrast the late passage cells only readily differentiate into adipocytes.We
are investigating whether the decrease in differentiation potential is due to
intrinsic factors (e.g., number of cell divisions) or extracellular environment
or both. At early passages, the cell population doubling time was half that of
late passage cells. The cell cycle of late passage cells slows to be three times
the length of early passage cells. When hMSCs are cloned as single cells in
microwell plates, the early passage cells grown for 30 days produce nearly
three times the number of daughter cells than the late passage cells. The
cloned early passage cells still maintained the ability to differentiate along
multiple lineages although it is not yet clear whether each cell from a clone is
multipotent. We are determining what factors might prolong the ability of the
cells to become myocytes in the later passages. Matrigel is a factor that
maintains normal cell shape for more passages than on plastic dishes.
(Funded by Health Future Foundation Grant.)97. Using Roundworms to Understand Development: A glh-4 Mutant
Was Caught. Christopher W. Yee, April M. Orsborn, and Karen L.
Bennett. Univ. of Missouri, Columbia, MO 65212.
All eukaryotes with germlines possess cytoplasmic granules of protein
and RNA specific to their germ cells and germ cell precursors, in the soil-
nematode Caenorhabditis elegans, these germ granules are called P
granules. Using C. elegans, the Bennett laboratory has demonstrated that
the germline RNA-helicases (GLHs), components of P granules, are
critical for germline development and fertility. The GLH family consists
of four proteins that are all constitutive P granule components. So far,
deletion mutations have been generated in three of the four glhs. N2
(wild-type) worms were grown and treated with trimethylpsoralen, a
mutagen, and UV-light to produce double-stranded breaks in their
DNA. Samples of C. elegans from subsequent generations were tested
by polymerase chain reaction (PCR) for possible deletion mutations in the
glh-4 gene. Although we did not produce a glh-4 mutant last summer
after ‘‘fishing’’ with millions of worms, the C. elegans Knockout
Consortium isolated a glh-4 mutant and provided it to us. Upon reception,
the glh-4 (gk225) mutant strain was backcrossed against N2 worms six
times to remove other mutations that may have been produced in the
mutagenesis process. Repeated Western blots and immunocytochemistry
using the glh-4 worms suggest that the mutation results in the loss of
GLH-4 protein. We are currently studying the glh-4 (gk225) reproductive
characteristics.98. Exclusion of Germ Plasm Components from Somatic Lineages by
Localized Protein Degradation. Cynthia DeRenzo and Geraldine
Seydoux. Johns Hopkins University School of Medicine, Baltimore,
MD 21205.
In many animals, establishment of the germline depends on the
segregation of a specialized region of cytoplasm, or ‘‘germ plasm,’’ to a
few germline precursor cells during embryogenesis. We have found that
germ plasm asymmetry also depends on the degradation of germlineproteins in somatic cells. We show that five CCCH finger proteins,
components of the C. elegans germ plasm, are targeted for degradation
by the novel CCCH-finger-binding protein ZIF-1. ZIF-1 is a SOCS-box
protein that interacts with the E3 ubiquitin ligase subunit elongin C.
Elongin C, the cullin CUL-2, the ring finger protein RBX-1, and the E2
ubiquitin conjugation enzyme UBC5 are all required in vivo for CCCH
finger protein degradation.
Surprisingly, we have found that two ZIF-1 targets, MEX-5 and MEX-6,
are required to activate degradation.MEX-5/6 become transiently enriched in
somatic blastomeres before being targeted for degradation by ZIF-1. In mex-
5(); mex-6() mutants, ZIF-1-dependent degradation does not occur. In
contrast, in par-1 mutants where MEX-5 and MEX-6 levels are high in all
cells, degradation occurs in all cells. These experiments suggest that MEX-5/
6 activate ZIF-1-dependent degradation and that PAR-1 opposes this activity,
perhaps by keeping MEX-5/6 levels low.
Instability has also been observed for other germ plasm components
including P granules in C. elegans (Hird et al., 1996), Oskar in Drosophila
(Riechmann et al., 2002), and VASA in Zebrafish (Wolke et al., 2002). We
propose that degradation in somatic cells is a commonly used mechanism to
restrict germ plasm components to the germ lineage.99. Cloning and Characterization of Vasa in Penaeoidean Shrimp. Philip
L. Hertzler, Weronika Zielinska, Allison A. Lawrence, and Rachel R.
Spurbeck. Central Michigan University, Mt. Pleasant, MI 48858.
In penaeoidean shrimp, putative primordial germ cells have been
identified by their large nuclei, clearly visible chromosomes, and charac-
teristic cell division pattern (Zilch, 1979). To find a molecular marker for
germ cells, we isolated a shrimp ortholog of vasa, a DEAD-box RNA
helicase, and universal marker of the germ line in animals. Degenerate
RT-PCR was performed on gastrula stage embryos of the ridgeback
shrimp Sicyonia ingentis, and two cDNAs were isolated. Analysis of
the sequences revealed that the 385-bp cDNA was a shrimp vasa ortholog,
while the 373-bp cDNA was related to P68, another type of RNA
helicase. To find the complete coding region of the shrimp vasa sequence,
we performed 3V Rapid Amplification of cDNA ends (RACE) on gastrula
stage Sicyonia ingentis embryos using a vasa-specific primer. Two 3V
RACE clones were isolated, one 1.6 kbp and the other 0.7 kbp in length.
The 1.6 kbp cDNA contained the complete shrimp vasa coding region
downstream from the PCR fragment, 3V untranslated region, and poly-A
signal sequences. The 0.7 kbp cDNA contained a truncated version of the
shrimp vasa sequence. This suggests that closely related shrimp vasa
genes may be present or that shrimp vasa is differentially spliced to form
different protein isoforms. Further characterization of the shrimp vasa is
underway. We are performing 5V RACE to obtain sequence upstream of
the PCR fragment, and developmental Northern blotting and in situ
hybridization to characterize the expression pattern of shrimp vasa. We
predict that shrimp vasa will confirm the identity of primordial germ cells
recognized by the above morphological criteria.100. MATER, Encoded by a Maternal Effect Gene, Associates with
Microtubules in Oocytes but not Early Embryos. Mami Ohsugi
and Jurrien Dean. NIDDK, NIH, Bethesda, MD 20892.
Mater is a single copy, maternal effect gene expressed in growing
oocytes that encodes an approximately 125-kDa member of the NALPS
family of cytoplasmic proteins. MATER, initially present uniformly in the
cytoplasm of growing oocytes, migrates to the periphery of fully grown
oocytes where it co-localizes with microtubules. Following fertilization,
MATER transcripts disappear, but the protein persists until the early
blastocyst. Although its function remains obscure, mice derived from
Mater/ females die early in development and the phenotype is not
rescued by normal males. During late oocyte growth, the abundance of
Abstracts 569specific proteins increases on two-dimensional SDS-PAGE, suggesting
their accumulation in the absence of MATER. In embryos lacking MATER,
microtubule formation appears abnormal with adverse affects on localiza-
tion of some (mitochondria, trans-Golgi apparatus), but not other (lyso-
somes, endoplasmic reticulum), organelles. A normal complement of newly
synthesized proteins in one-cell embryos and early markers of embryonic
genome activation (p35, TRC) is present in embryos lacking MATER.
However, embryonic progression beyond the two-cell stage is not observed.101. Maternal-Effect Screens Identify Mutants that Reduce Germ Cell
Number.Leslie T. Pusateri, AlexeyArkov, andRuth Lehmann. Skirball
Institute, New York University School of Medicine, New York, NY.
The first cells to form in the early Drosophila embryo are the germ cells,
and genes such as oskar, vasa, tudor, germ cell-less, and others have been
identified that effect this event. However, due to the novelty of many of these
genes, the molecular mechanisms of this process still remain unknown.
Likewise, many of these genes (with the exception of germ cell-less) were
identified from their abdominal segmentation phenotype due to defects in
nanos RNA localization and translation. Genes that are solely required for
germ cell formation or are required in the more downstream steps of the germ
plasm pathway have yet to be identified. To further investigate this important
process, we performed germline mosaic (clonal) screens using the Flp-FRT
ovoD technique on the 2R chromosome. Here we have identified approxi-
mately 50 mutations that reduce germ cell number. It is expected that some of
these will be alleles of previously identified genes on 2R that have been
shown to affect germ cell formation. One allele of tudorwas identified and 11
lines fail to complement germ cell-less. Presented here is the preliminary
characterization of new genes involved in the establishment of the germline
in Drosophila. Following germ cell formation, there is a void of nuclei
directly beneath the newly formed germ cells. During the four subsequent
somatic nuclear divisions, this void is somehow filled and an evenly spaced
monolayer of nuclei undergoes cellularization. We also present the mecha-
nisms by which these posterior somatic nuclei arise as visualized by time-
lapse confocal microscopy.102. Expression Screening for Pathways that Affect Germ Cell Differ-
entiation in the Drosophila testis. Gary R. Hime, Stephanie M. Bunt,
Foong Lyn Chan, and Nicole A. Siddall. Univ. of Melbourne, VIC
3010, Australia.
Gametes are produced throughout the adult life of Drosophila and, as a
consequence, the adult testis contains germ cells at different stages of
development. Different signals are shared between germ cells and somatic
support cells at different stages of spermatogenesis to facilitate the production
of functional spermatozoa from germ line stem cells. The ordered differen-
tiation of cells observed in theDrosophila testis makes it an excellent system
for identifying signals that are utilized during germ cell differentiation. We
have used the GAL4-UAS system to ectopically express genes in testis stem
cells and surrounding somatic cells. Expression of the BMP2/4 homologue,
decapentaplegic, in germ line stem cells resulted in an overproliferation of
stem cell-like cells. Expression of activated BMP or activin-family receptors
directly affected germ cells and also resulted in the formation of clusters of
proliferating cells in the basal testis. These clusters displayed early germ cell
characteristics but were heterogeneous for the expression of a stem cell
marker. We suggest that disruption of signalling in the stem cell niche can
allow stem cells to escape the niche. Once displaced, these cells may
proliferate in a manner allowing some cells to retain stem cell identity and
some to display an intermediate phenotype. An endogenous role for TGF-
beta signaling in the regulation of stem cell proliferation was shown by the
ability of an inhibitory Smad (Dad) to cause cells to lose stem cell identity.We
have also identified other pathways that may play roles in regulating germ
cell differentiation.103. Development of Multinucleate Germ Cells in the Fetal Testis
Coincides with Loss of Sertoli-Germ Cell Contact. Elena Kleyme-
nova, Cynthia Swanson, Earl Tewksbury, and Kevin Gaido. CIIT
CHR, RTP, NC 27709.
Formation of multinucleate germ cells is a rare event during normal
fetal testicular development. In utero exposure to testicular toxicants such
as di-butyl phthalate (DBP) increases the occurrence of multinucleate
gonocytes in the fetal rat testis. We exposed pregnant rats to DBP to gain
insights into the development of multinucleate germ cells. Histological
examination of testes sections confirmed the presence of multinucleate
gonocytes in exposed fetal testes. On GD19, these gonocytes contained 2–
3 nuclei. By GD21, the number of nuclei per gonocyte reached five and the
number of multinucleate gonocytes per section increased. On GD19, some
normal and multinucleate gonocytes were PCNA-positive, but PCNA was
undetectable on GD20–21. No mitotic figures in normal or multinucleate
gonocytes were visible on GD17–21 and no reactivity to BrdU was
detected in these cells. Multinucleate gonocytes were not apoptotic. Cords
in DBP-exposed fetal testes had abnormal morphology and proliferation of
Sertoli and myoid cells was decreased. Sertoli cells exhibited cytoplasmic
swelling and had abnormal actin cytoskeleton. Immunostaining revealed
loss of contact between Sertoli cells and gonocytes in exposed testes.
Electron microscopy confirmed the lack of contact between these cells and
the abnormal morphology of affected Sertoli cells. Together, these data
suggest that mitotic arrest or abnormal apoptosis is unlikely to play a role in
the development of multinucleate gonocytes. Coincidental loss of contact
between Sertoli cells and gonocytes and an increase in the numbers of
multinucleate gonocytes and nuclei per gonocyte suggest a link between
these events.104. Sperm Chromatin Decondensation and Wolbachia-Induced Cyto-
plasmic Incompatibility in Drosophila simulans. Harriet L. Harris1
and Henk R. Braig2. 1Univ. of Alberta, Edmonton, AB, Canada, T6G
2R3; 2Univ. of Wales, Bangor, Gwynedd, U.K., LL57 2UW.
Wolbachia pipientis, the most common intracellular bacteria, is particu-
larly prevalent in insects where it causes several reproductive anomalies such
as cytoplasmic incompatibility (CI), parthenogenesis, and male killing.
Dipterans infected with Wolbachia frequently express high levels of CI. In
these populations, infected females are selected because they can mate
successfully with both infected and uninfected males, whereas uninfected
females produce few or no viable offspring when mated to infected males.
This mechanism effectively increases the rate of Wolbachia expansion. In
Wolbachia-infected males, the sperm nuclei are modified during spermato-
genesis. After fertilization, these modified sperms do not condense at the first
metaphase plate in synchroony with the female pronucleus and aneuploidy
and embryonic death result. When sperms from infected males enter eggs
from infected females, the sperm nuclei are somehow rescued and the
embryos develop normally. In spite of considerable effort, the molecular
basis for sperm modification and rescue remains unknown. We have studied
the kinetics of sperm chromatin decondensation in vitro using demembra-
nated sperm from Xenopus laevis and cytoplasm from infected and uninfect-
ed Drosophila embryos. Our results show that the cytoplasm from
Wolbachia-infected embryos is less efficient at decondensing heterologous
sperm chromatin compared to uninfected cytoplasm, and this difference is
heat-stable. The results suggest that Wolbachia targets a fundamental,
conserved process operating at the earliest stages of male pronuclear
formation in CI embryos.105. Control of Endosperm Development by Polycomb-Group Proteins.
Ramin Yadegari, Dongfang Wang, Kirsten L. Newcomb, and Megan
I. Skaggs. Department of Plant Sciences, University of Arizona,
Tucson, AZ 85721-0036.
Abstracts570In angiosperms, double fertilization within the female gametophyte
initiates the development of a diploid embryo and a triploid endosperm from
the egg cell and the central cell, respectively. Endosperm develops within the
seed along with the embryo as an energy-rich storage organ supporting
embryo or seedling development. In Arabidopsis, Polycomb-group (Pc-G)
proteins negatively regulate endosperm proliferation before fertilization.
Previously identified Pc-G protein interactions, including the molecular
partnership of WD and SET-domain proteins, were shown to be conserved
between animals and plants. However, the precise composition of the plant
Pc-G complex and the molecular basis of its function in control of endosperm
proliferation are unknown.Our research has shown that Pc-G genes are active
in maternal tissues before fertilization; this activity is likely regulated by
mechanisms that specifically activate Pc-G gene expression from the
maternal allele and at the same time maintain the silenced state of the
paternal allele. Our current studies are focused on understanding the
epigenetic mechanisms involved in the regulation of Pc-G gene expression
and characterizing the composition of the Pc-G complex that controls
endosperm development in Arabidopsis.106. Putative ECM-Dependent PDGF Signaling Pathway in Early Sea
Urchin Development. Karl-Fre´de´rik Bergeron, Corina T. Dumitrescu,
and Bruce P. Brandhorst. Dept. of Molecular Biology and Biochem-
istry, Simon Fraser University, BC, Canada.
The extracellular matrix (ECM) has been implicated in cell –cell signal-
ing and developmental patterning. Sulfation of proteoglycans (PG) compos-
ing the ECM is essential for its function. Lytechinus pictus and
Strongylocentrotus purpuratus embryos were treated with chlorate, a com-
petitive inhibitor of sulfation. Chlorate-treated embryos exhibit defects in
gastrulation and a radialized phenotype: loss of oral –aboral asymmetry in the
ectodermwith formation of extra skeletal spicules in a radial pattern. Chlorate
treatment induced increased expression of a gene encoding syndecan, a PG
core protein, and decreased expression of LpS1, an aboral ectoderm marker.
Previous work implicated a putative platelet-derived growth factor (PDGF)
signal in the specification of the oral–aboral axis. PDGF treatment rescued
chlorate-treated L. pictus embryos. Taking advantage of the urchin genome
project nearing completion, we are now focusing on the role of PDGF
signaling in S. purpuratus embryos. A Western blot of S. purpuratus egg
membrane proteins using an antibody against PDGF receptors shows a major
band of about 170 kDa, the expected size of receptor-type proteins. S.
purpuratus embryos were treated with AG1295, a PDGF receptor-specific
tyrosine kinase inhibitor. Treated embryos arrest at gastrula stage, exhibit
spicule defects, and have an ectodermal protrusion at the animal pole, a
phenotype reminiscent of embryos radialized by nickel treatment. We are
seeking further evidence for an ECM-dependent PDGF signaling pathway in
urchins and will investigate the developmental role of genes involved in PG
synthesis and function.107. The Role of Snail Gene in Mesoderm Specification in Early
Development of Sea Urchin Embryos. Shu-Yu Wu and David R.
McClay. DCMB, Department of Biology, Duke University, Durham
NC 27708, USA.
At the onset of gastrulation in sea urchin embryos, primary mesen-
chyme cells (PMCs), which derived from the large micromere, ingress into
blastocoel and become larval skeleton. Another population of cells, the
secondary mesenchyme cells (SMCs), forms at the tip of archenteron and
becomes non-skeletogenic mesoderm. The Snail gene has been implicated
to play an important role in the formation of distinct tissues, especially the
mesoderm, in both vertebrates and invertebrates. We cloned and charac-
terized a Snail gene LvSnail from sea urchin Lytechinus variegatus.
Functional knockdown of LvSnail with morpholino-substituted antisense
oligonucleotides results in a block or delay of PMC ingression and loss ofpigment cell differentiation. Ectopic or overexpression studies by injecting
eggs with LvSnail mRNA produce several developmental defects in sea
urchin embryos, including mesenchymal extrusion, exogastruation, and
formation of extra skeletal rods. These data suggest that LvSnail functions
as a regulator in mesoderm specification, which seems to be conserved in
Drosophila and most deuterostomes.108. Roles of Dishevelled in Patterning Sea Urchin Endomesoderm. C.
A. Byrum, R. H. Xu, J. M. Bince, and A. H. Wikramanayake. Univ. of
Hawaii at Manoa, Honolulu, HI 96822.
The cytoplasmic protein Dishevelled (Dsh) plays key roles in both
canonical and noncanonical Wnt signaling. To study functions of Dsh in
sea urchin endomesoderm specification and patterning, Dsh deletion con-
structs were generated and overexpressed during early embryogenesis.
Overexpression of one of these constructs, Dsh-DEP, prevented gastrulation
in the embryo and also blocked expression of several endoderm-specific
genes. This construct, which lacks the DIX and PDZ domains of Dsh, is
known to block noncanonicalWnt signaling in widely divergent taxa. In flies,
overexpressing Dsh-DEP interferes with the planar organization of tri-
chomes, bristles, and ommatidia, and, in vertebrates, prevents the polarized
cell movements associated with convergent extension. The fact that Dsh-
DEP not only prevented gastrulation in sea urchin embryos, but also blocked
expression of several endomesodermal genes, suggests a potential role for the
noncanonical Wnt pathway in transcriptional regulation during gastrulation.
In addition, preliminary cell recombination studies showed that activation of
the noncanonical Wnt pathway downstream of the micromere signal is
necessary for gut formation. Our results further highlight the importance of
noncanonicalWnt signaling during early development of sea urchin embryos
and indicate a role for noncanonical Wnt signaling in the regulation of gene
expression.109. Structure–Function Studies of the Polarity Regulator PAR-1 in C.
elegans. Adrian A. Cuenca and Geraldine Seydoux. Johns Hopkins
University School of Medicine, Baltimore, MD 21205.
Polarization of the C. elegans zygote along the anterior–posterior axis
depends on a signal from the sperm asters, which causes the cortically
enriched PAR proteins to relocalize to distinct anterior and posterior
domains. The sperm asters exclude the PAR-3–PAR-6–PKC3 complex
from the nearby cortex, allowing PAR-1 and PAR-2 to accumulate there
(Cuenca et al., 2003).
We are investigating how the serine threonine kinase PAR-1 localizes to
the cortex. A GFP–PAR-1 fusion accumulates around the sperm-derived
centrosomes and on the nearby posterior cortex during polarization. We have
identified a domain at the carboxy-terminal end of PAR-1 necessary and
sufficient for both of these localizations. This domain is conserved in PAR-1
kinases from other organisms and includes a region that binds to the non-
muscle myosin NMY-2 (Guo and Kemphues, 1996). Analysis of GFP fused
to the localization domain in zygotes depleted for PAR-2 or PAR-3 suggests
that PAR-1 can associate with the cortex in the absence of other PAR proteins,
but requires PAR-2 and PAR-3 to accumulate specifically on the posterior
cortex. We are currently constructing PAR-1 transgenes lacking the locali-
zation domain to investigate its relevance to PAR-1 polarity function in vivo.110. Analysis of the RING Finger Protein PAR-2 Implicates the
Ubiquitination Machinery in Polarity Maintenance in the C.
elegans Zygote. Yingsong Hao,1 Tyralynn Frazier,2 Lynn Boyd,2
and Geraldine Seydoux1. 1Johns Hopkins University School of
Medicine, Baltimore, MD 21205; 2University of Alabama-Hunts-
ville, Huntsville, AL 35899.
Abstracts 571The C. elegans zygote is an excellent model system to study the
mechanisms that establish and maintain cell polarity. In response to a
transient cue from the sperm, the PAR polarity regulators redistribute into
nonoverlapping anterior and posterior cortical domains. After the sperm cue
is gone, exclusive interactions between anterior (PAR-3, PAR-6, and PKC-
3) and posterior (PAR-1 and PAR-2) PAR proteins maintain distinct anterior
and posterior domains.
We showed previously that PAR-2, although not essential to initiate
polarity, is required tomaintain polarity. During themaintenance phase, PAR-
2 prevents the anterior PARs from returning into the posterior domain
(Cuenca et al., 2003). PAR-2 is an unusual protein with a RING finger do-
main and anATP binding domain (Levitan et al., 1994; Boyd et al., 1996).We
have constructed mutant versions of PAR2 and tested their activity in vivo.
Our results indicate that the RING finger, but not the ATP binding
domain, is essential in vivo. A PAR2 RING finger mutant localizes to the
posterior cortex during the initiation phase, but fails to prevent the anterior
PARs from displacing it during the maintenance phase. RING fingers are
characteristic of E3 ubiquitin ligases. The PAR2 RING finger can catalyse
the addition of ubiquitin onto itself in vitro, suggesting that like other RING
finger proteins PAR2 functions as a ubiquitin ligase. These findings
implicate the ubiquitination machinery in the maintenance of polarity in
the C. elegans zygote.111. C. elegans MEL26 Inhibits Postmeiotic Microtubule-Severing
Activity of MEI-1. J.-L. F. Johnson and P. E. Mains. Dept. of
Biochemistry and Molecular Biology, University of Calgary.
Meiotic and mitotic spindles form within 20 min of one another in the
C. elegans embryo. MEI-1 microtubule (MT)-severing activity is required
for the meiotic spindle but must be inhibited postmeiotically by MEL-26 for
mitotic spindle formation (Srayko et al., 2000; Dow and Mains, 1998).
MEI-1 localizes only to meiotic spindles (Clark-Maguire and Mains, 1994).
In mel-26(), the mitotic spindle is defective due to ectopic MEI-1 MT
severing. mel-26 encodes a 44.5-kDa protein containing MATH and BTB
domains (Dow and Mains, 1998). MEL-26 binds MEI-1 by yeast two-
hybrid, indicating a direct protein interaction. MEI-1(gf) mutants, which
like mel-26 mutants result in ectopic MEI-1 activity, do not bind MEL-
26(+) by yeast two-hybrid. This MEI-1(gf) allele occurs in a PEST motif,
implicating protein degradation in the postmeiotic elimination of MEI-1
activity. mel-26 has a mutant phenotype similar to rfl-1 and ned-8, which
encode components of the ubiquitin-like(UBL) pathway (Kurz et al., 2002),
which in turn activates ubiquitin (UBQ)-mediated protein degradation.
Together, these data suggest mel-26 represents a novel substrate specificity
subunit of an E3 UBQ ligase (Pintard et al., 2003). We are interested in
MEL-26 regulation. MEL-26 displays cytoplasmic and membrane locali-
zation appearing only after meiosis, explaining why MEI-1 activity is
inhibited only after its normal meiotic function. Preliminary results indicate
MEL-26 appears prematurely during meiosis in a UBL mutant, suggesting
MEL-26, like other UBQ substrate adaptors, may be regulated by degra-
dation (Galan and Peter, 1999).
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Galan and Peter, 1999. PNAS 96.112. Determining the Role of Toll-7 in the Embryonic Development of
Drosophila melanogaster through RNAi. Cassandra D. Kleve and
Elizabeth D. Eldon. California State University Long Beach, Long
Beach, CA 90840.Since the discovery of Toll, there have been eight additional Toll-related
receptors found in Drosophila melanogaster-Toll-2 (18-wheeler) through
Toll-9. Toll-like receptors (TLRs) have been found in mammals and are
involved in innate immunity by mediating a response to distinct microbial
patterns. During embryogenesis inDrosophila, Toll-like genes are expressed
in a tissue-specific manner, indicating they are likely to have a developmental
role. We have carried out a detailed analysis of the Toll-7 expression pattern.
Toll-7 is expressed dynamically beginning during germ band extension and
continuing throughout embryogenesis. We have chosen to study the role of
Toll-7 through RNAi and have cloned an inverted repeat of a 635 base pair
fragment of Toll-7 from the extracellular region of Toll-7 into the P-element
vector pWIZ (constructed by Lee and Carthew) and have generated several
transformant lines each with an independent insertion of pWIZ. Transcription
of the inverted repeat is activated by GAL4, which is normally absent in
Drosophila. Using lines that produce GAL4 in a tissue specific way should
allow us to study the effects of Toll-7 deficiencies in particular tissues. (This
project is supported by the Beckman Foundation.)113. Reiterative Requirement of Sfrp1 during Medaka Eye Develop-
ment. Javier Lopez-Rios,* Pilar Esteve,* and Paola Bovolenta. Insti-
tuto Cajal, CSIC. Av. Doctor Arce 37. 28002 Madrid, Spain. *Equally
contributing authors.
Secreted Frizzled-Related Proteins (SFRPs) are a family of soluble
molecules structurally related to the Wnt receptors. Functional analysis in
different vertebrate species suggests that these molecules are multifunctional
modulators of Wnt and possibly other signalling pathways. To address the
specific role of one of these molecules, Sfrp1, at early stages of embryonic
development, we have used the medaka fish (Oryzias latipes) as a model
system. Among other tissues, olSfrp1 is dynamically expressed in the eye-
forming region, including the eye field, the optic vesicle, and cup, and in the
differentiating neural retina. In agreement with this distribution, morpholino-
based interference with olSfrp1 expression results in embryos with a reduced
eye field, a phenotype that, in the most affected embryos, is associated with a
shortening and widening of the A–P axis. Because the expression of
posterior diencephalic markers is unchanged but that of rostral telencephalic
ones is expanded, we propose that Sfrp1 is needed for a proper establishment
of the eye field within the forebrain. In addition, a weaker interference with
Sfrp1 function leads to defective RPE and neural retina differentiation,
revealing a later requirement for Sfrp1 function in the eye. To complement
these studies, we are currently attempting a targeted overexpression of Sfrp1
into the eye field to bypass the early effect onDVaxis establishment observed
after general Sfrp1 gain-of-function analysis. Altogether, these studies
indicate that Wnt modulation through secreted proteins is required at
successive steps of vertebrate eye development.114. Neural Patterning in Zebrafish: Upstream of the Midbrain –
Hindbrain Boundary Organizer.Muriel Rhinn, Klaus Lun,Michaela
Werner, and Michael Brand. Max-Planck-Institute of Molecular Cell
Biology and Genetics and TU Dresden, Dresden, Germany.
Abstract #114 will be presented as scheduled, but the abstract cannot be
published due to lack of license agreement between authors and publisher.115. Characterization of curly up in Left –Right Patterning in the
Zebrafish (Danio rerio). Jodi Schottenfeld and Rebecca D. Burdine.
Princeton University, Princeton, NJ 08544.
An important step in patterning the vertebrate embryo involves the
formation of the left – right body axis. To gain insight into the genetic events
involved in establishing the left – right axis, we are analyzing mutations
Abstracts572obtained from a large-scale Zebrafish screen1. My work focuses on the
mutant curly up, a mutation that is marked by a ‘‘curly tail up’’ phenotype2.
Characterization of two alleles of curly up has revealed left – right defects in
organ positioning that resemble human heterotaxia. Defects are also seen in
asymmetric gene expression in the lateral plate mesoderm and dorsal
diencephalon, indicating cup functions at an early step in left – right pattern-
ing. The impact of the mutation on early asymmetric gene expression allows
for a better understanding of the importance of Nodal signaling in left – right
determination and helps to place the mutation in a cascade of early events.
The primary cilia in the cupmutant appear to be structurally intact, implying
that the left – right abnormalities are not due to the loss of ciliary function. To
fully understand the role cup plays in left – right patterning, we need to
determine which gene is affected by the cup mutation. Using positional
cloning techniques, the mutation has been mapped to a narrow locus on
chromosome one. One potential candidate in this region has homology to an
ion channel. Recent progress regarding this candidate gene will be discussed.116. Characterization of locke: Understanding the Link between Kid-
ney Cysts and Left–Right Patterning Defects. Jessica Sullivan-
Brown and Rebecca D. Burdine. Princeton University, NJ 08544.
The zebrafish Danio rerio presents a unique opportunity for using
forward genetics to decipher regulatory pathways involved in early vertebrate
development. Our lab focuses on understanding the basic events that initiate
and orient the left – right axis in the vertebrate body plan. All vertebrates
display an internal asymmetry in the placement of visceral organs such as the
heart, liver, and pancreas. Earlier asymmetry is seen in gene expression of
nodal-related genes and their downstream targets. Although the initial
establishment of vertebrate left – right asymmetries remains an enigma,
utilizing the zebrafish as a model organism will identify genes involved in
this process. The locke mutation was originally identified in a large-scale
mutagenesis screen that searched for mutations affecting body axis curvature
(Brand et al., 1996). In addition to displaying a curly tail down phenotype,
locke mutants have defects in asymmetric gene expression and in left – right
organ placement. Locke mutants also develop pronephric cysts during the
larval period. This intriguing link between left – right asymmetry defects and
cystic kidneys is also observed in the mouse, although the underlying
connection remains to be elucidated. Evidence suggests that primary cilia
are involved in both processes, but our preliminary results suggest that
primary cilia are unaffected in the locke mutation. We are using positional
cloning to identify the gene affected by the locke mutation, with the specific
aim of better understanding the cellular decisions that establish left – right
asymmetry and cytogenesis.
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Abstract #117 will be presented as scheduled, but the abstract cannot be
published due to lack of license agreement between authors and publisher.118. Zebrafish pou5f/pou2, Homolog of Mammalian Oct4, Functions in
the Endoderm Specification Cascade. Karen Lunde, Heinz-Georg
Belting, and Wolfgang Driever. Univ. of Freiburg, Freiburg, Germany
79104.
Pou5f1/Oct4 is required to establish the pluripotent cell population
necessary for embryogenesis in mouse. More roles during development,including endoderm formation, have been proposed. In zebrafish, the
zygotic pou5f1/pou2 mutant spiel ohne grenzen (spg) shows neural plate
patterning defects and reduced endoderm at the tailbud stage. To investigate
the function of maternal and early zygotic pou5f1 expression, we rescued
zygotic spgm793 mutants by injecting pou5f1 mRNA at the one-cell stage
and raised them into fertile homozygous spgm793 adults that mate to
produce maternal-zygotic spg (MZspg) mutant embryos. Although neurec-
toderm, mesoderm, and germ cells develop in MZspg mutants, the endo-
derm is absent while gastrulation is delayed and proceeds abnormally. In
wild-type endoderm development, Nodal signals induce expression of
gata5/faust, mixer/bon, and mezzo. These control sox32/casanova expres-
sion. sox32 is required for sox17 expression in endodermal precursors.
Although gata5, mezzo, and mixer expression in MZspg mutants is similar
to wild-type, sox32 is initiated but not maintained. Thus, MZspg mutants
express little or no sox17, and fail to develop endoderm. Constitutively
active Nodal receptor TARAM-A or sox32 overexpression induces ubiqui-
tous sox17 in wild-type embryos, but not in MZspg mutants. Overexpres-
sion of a Pou5f1-VP16 activator fusion protein can rescue gastrulation and
endodermal tissues in MZspg mutants. We propose that pou5f1 plays an
activating role in endodermal development, where it maintains sox32
expression during gastrulation and acts with sox32 to induce sox17
expression in endodermal precursor cells.119. Maternal SOXs and Endodermal Patterning in Xenopus and
Zebrafish. M. W. Klymkowsky,1 C. Zhang,1 S. R. Fawcett,1 T.
Basta,1 A. Brown,1 and K. B. Artigener2. 1MCDB, UC Boulder;
2UCHSC, Denver.
The B1-type SOX, SOX3, and the F-type SOX, SOX7, are supplied
maternally in Xenopus. SOX3 mRNA is concentrated in the animal hemi-
sphere, SOX7 mRNA is localized to vegetal germ plasm. Injection of SOX7
mRNA leads to the induction of the endodermal markers SOX17 and
endodermin (Edd). Injection of a morpholino directed against SOX7 has
little overt effect on early development, but produced transient changes in the
expression of the vascular endothelial marker XMsr. The affinity-purified
antibody antiSOX3c inhibits the binding of Xenopus SOX3 to its target DNA
sequences (Zhang et al., 2003, Development 130, 5609) and stains early
zebrafish embryos. In both Xenopus and zebrafish, injection of antiSOX3c
caused a profound gastrulation defect that was rescued by injection of RNA
encoding XSOX3DC-EnR, a SOX3-engrailed repression domain chimera. In
antiSOX3c-injected Xenopus embryos, normal animal–vegetal patterning of
mesodermal and endodermal markers was disrupted, expression domains
were shifted toward the animal pole, and the levels of the endodermal
markers SOX17 and Edd increased. SOX3 acts as a direct negative regulator
of Xnr5, which encodes a nodal-related TGFh family protein. The anti-
SOX3c phenotype could be rescued in both Xenopus and zebrafish by
injection of RNA encoding the nodal inhibitor Cerberus-short. The effects
of antiSOX3c on Edd expression were inhibited by either a dominant-
negative version of Mixer or morpholinos directed against SOX17, further
supporting a model in which maternal SOX3 acts to patterning the early
embryo by restricting nodal expression to the vegetal hemisphere. (This work
was supported by NIH grant GM54001.)120. Neural Tissue Development in Xenopus Requires Early BMP/
Smad1-Independent FGF Signaling, Supporting a Unified View of
Neural Induction in Chordates. Emilie Delaune, Patrick Lemaire,
and Laurent Kodjabachian. IBDM/LGPD, CNRS, Marseille, France.
Nervous system development begins with the process of neural induc-
tion, which converts ectodermal cells into neural progenitors. Work with
Xenopus explants has suggested that the ectoderm forms epidermis in
response to BMP signaling and gives rise to neural tissue by default in the
absence of BMP activity. In amniotes and ascidians, however, BMP inhibi-
Abstracts 573tion does not appear to be sufficient for neural induction, which is initiated by
FGF signalling. We addressed these apparent discrepancies by generating
novel in vivo experiments in Xenopus to test the role of the BMP and FGF
pathways during neural specification (Delaune et al., in revision). We found
that mis-expressing a dominant-negative BMP receptor or Smad6, an
antagonist of the BMP effector Smad1, in the nonneural ectoderm away
from the endogenous neural plate, led to epidermis suppression without
neural tissue formation. In contrast, neural induction occurred when low
eFGF activity was combined with BMP inhibition. Using both antimorphic
FGF receptors (FGFR) and the pharmacological FGFR inhibitor SU5402, we
demonstrate that pregastrula FGF signaling is required in both the ectoderm
and the presumptive Spemann organizer for the emergence of neural fates. Of
central importance, we show that FGF signaling exerts BMP/Smad1-inde-
pendent functions that are essential for neural induction in vivo and in animal
caps. Our data thus indicate that BMP inhibition is required but not sufficient
for neural induction, which invalidates the default model, and support a
shared use among chordates of FGF as an initiator of neural specification.121. Biglycan is a Novel BMP Antagonist Involved in the Chordin
Pathway. Juan Larrain, Rosana Mun˜oz, Francisco Aroca, Mariana
Labarca, Enrique Brandan, and Mauricio Moreno. 1Department of
Cell and Molecular Biology; 2Center for Cell Regulation and Pathol-
ogy; 3Millenium in Developmental Biology; 4P. Universidad Cato´lica
de Chile.
Dorso-ventral patterning of the invertebrate and vertebrate embryo is
established by a gradient of BMP signaling. The different levels of
BMP activity are extracellularly regulated by a set of secreted BMP
antagonists. Among them is chordin, an evolutionary conserved BMP
antagonist. Biochemical and embryological studies have shown that
chordin is at the center of an extracellular machinery that regulates
BMP signaling. Chordin directly binds to BMP and forms a ternary
complex with Twisted gastrulation (Tsg) blocking BMP binding to its
receptor. The activity of this latent BMP activity is modulated by the
metalloproteinase Xolloid. In the course of our studies to understand
proteoglycan function during early development of the frog embryo, we
have identified Xenopus Biglycan (X-BGN) as a novel BMP antagonist
and component of the chordin pathway. X-BGN, a small leucine-rich
proteoglycan, is synthesized during the blastula and gastrula stage and
expressed in the ectoderm and dorsal mesoderm. Microinjection of X-
BGN induces secondary axis, dorsalizes the mesoderm, and blocks BMP
ventralizing activity. Biochemical studies showed that X-BGN directly
binds BMP and blocks BMP activity in a cell culture assay. We also
found that X-BGN binds chordin, increasing the binding of BMP to it.
Interestingly, we have found that X-BGN binds BMP through a domain
similar to the BMP binding domains present in chordin. In conclusion,
we have found that X-BGN is a novel BMP antagonist that works in
the chordin pathway.122. Early Activation of BMP4 Expression by the caudal Gene, Xcad2.
Abraham Fainsod, Natalia Koutsi-Urshanski, and Sharon Zins. Faculty
of Medicine, Hebrew University, Jerusalem 91120, Israel.
BMP4 has been shown to play numerous developmental roles includ-
ing negative regulation of organizer formation, promoting ventral meso-
dermal fates, preventing neural induction, and epidermal induction, among
others. In Xenopus embryos, zygotic BMP4 transcription begins after the
midblastula transition reaching higher levels by early–mid gastrula stages.
We have studied the caudal-type transcription factor Xcad2 as an early
activator of BMP4 expression. Taking advantage of reporter plasmids
based on the BMP4 promoter combined with Xcad2 overexpression and
loss-of-function using Xcad2-specific antisense morpholino oligonucleo-
tides, we have studied the regulatory role of Xcad2 on BMP4 expression.We have determined that Xcad2 can strongly upregulate the expression of
the BMP4 promoter and repression of the endogenous Xcad2 activity
severely impairs the transcriptional activity of this promoter. These results
identify Xcad2 as a transcription factor required for early BMP4 expres-
sion in the prospective mesoderm. This analysis mapped the Xcad2
requirement to the early stages of BMP4 expression. We have determined
that Xcad2 can upregulate BMP4 in the presence of protein synthesis
inhibitors and identified several caudal binding sites in the BMP4
promoter through which Xcad2 exerts its effects. This analysis has
identified Xcad2 as one of the earliest regulators of BMP4 expression in
the mesodermal germ layer.123. A Double Negative: FoxD3 Regulation of the Nodal Pathway and
Mesoderm Formation in Xenopus. Aaron B. Steiner, Sergey
Yaklichkin, Mark J. Engleka, Julie L. Lefevbre, James W. Walters,
Eileen J. Craig, Patricia A. Labosky, and Daniel S. Kessler. Dept. of
Cell and Developmental Biology, Univ. of Pennsylvania, Philadelphia,
PA 19104.
Formation of the mesodermal germ layer is of crucial importance in
the developing vertebrate embryo. TGF-beta superfamily signaling mol-
ecules, such as the Nodal proteins, are essential for the induction of
mesodermal fates in Xenopus. FoxD3, a Forkhead family transcription
factor, is sufficient to induce mesoderm in animal explants and is
required for endogenous mesoderm formation. FoxD3 functions as a
transcriptional repressor to positively regulate Nodal gene expression in
the Spemann organizer. The results suggest that FoxD3 represses a
negative regulator of Nodal expression or function, thus inducing
mesoderm via the Nodal pathway. The C-terminus of FoxD3 is required
for transcriptional repression and mesoderm induction, and contains a
binding site for Groucho corepressors. In animal explants, Grg4 and
Grg5, a natural dominant negative protein, had reciprocal effects on
mesoderm induction and transcriptional repression by FoxD3, suggesting
a functional interaction between FoxD3 and Groucho corepressors in
mesoderm induction. Recent evidence indicates an additional role for
Groucho corepressors downstream of the Nodal pathway to silence
mesodermal gene expression in the absence of Nodal signals. The results
suggest that multiple negative regulators, acting both upstream and
downstream of Nodal signals, are important in the formation of the
mesodermal germ layer.124. Evidence for Long-range Movement by Diffusion of TGF-hs
during Early Embryogenesis in Xenopus laevis. P. Huw Williams1,2
and James C. Smith1. 1Wellcome Trust/Cancer Research UK Gurdon
Institute, University of Cambridge, UK.; 2Wellcome Trust Sanger
Institute, UK.
Members of the transforming growth factor type beta (TGF-h) family
regulate diverse aspects of growth and development in multicellular organ-
isms. Understanding the functions of this family of proteins and the means by
which they exert their effects is crucial to understanding development,
growth, and disease. The structures and functions of the proteins in this
family are highly conserved between organisms, and we study the roles of
TGF-h proteins during mesoderm formation and patterning in Xenopus
laevis. The induction of mesoderm occurs in response to a non-cell-
autonomous inductive signal originating from the underlying endoderm.
Members of the TGF-h family are thought to be involved in this induction,
though themechanisms bywhich theymight exert their long-range effects are
not clear. Mechanisms such as diffusion, cytonemes, argosomal transport,
and transcytosis have previously been shown to influence the signalling
range of many ligands in different organisms. We have investigated the
potential roles of these mechanisms during the long-range transport of Xnr2.
Using a combination of embryonic, biochemical, and tissue recombination
Abstracts574techniques, we find no evidence supporting a role for cytonemes, argosomal
transport, or transcytosis in the long-range activity of Xnr2. Rather, our data
support extracellular transport, by diffusion, as the mechanism responsible
for the long-range transport of Xnr2. Using a functional EGFP-tagged Xnr2,
time-lapse movies show directly this tagged ligand moving through the
extracellular space of nonexpressing tissue.125. The Nature of the Nieuwkoop Signal in Early Xenopus laevis. Alin
Vonica,1 Barry M. Gumbiner,2 and ali H. Brivanlou3. 1Rockefeller
University, New York, NY; 2University of Virginia, Charlottesville,
VA; 3Rockefeller University, New York, NY.
The Spemann organizer is essential for axis formation in Xenopus
embryos. According to the classic model of early amphibian development,
the organizer is itself the result of an inductive ‘‘dorso-anteriorizing’’
(‘‘Nieuwkoop’’) signal from dorso-anterior vegetal cells, which constitute
the Nieuwkoop center. Alternatively, the organizer could arise entirely
from intracellular events triggered by cortical rotation directly in the
marginal zone. In either case, activation of the maternal Wnt pathway
appears to be the first molecular step for the Nieuwkoop center or
organizer formation. By localized activation and inhibition, we demon-
strate that organizer gene expression requires the maternal Wnt pathway
only in the cells of the organizer. We also analyzed two sets of experiments
purporting to support a nonautonomous role for Wnt signaling in organizer
formation. First, vegetal injections of Wnt activators can induce ectopic
axes without axial participation of the injected cells. By double in situ
hybridization, we show this to be the result of injected RNA leaking into
marginal cells. Second, dorsal vegetal cells can induce animal cells to
develop as dorsal-type mesoderm in vegetal – animal (Nieuwkoop)
recombinants. We find this dorsalizing signal to be dependent on the
presence in vegetal cells of at least one organizer gene, even when vegetal
cells are injected with the TGF-h ligand Xnr1. In conclusion, organizer
induction in intact embryos requires autonomous maternal Wnt signaling,
and the Nieuwkoop center and signal represent a vegetal extension of, and
signals intrinsic to, the organizer.126. Cell Movement Patterns during Primitive Streak Initiation and
Extension in the Chick Resemble Patterns in Viscous Flow. Wei
Zeng,1 James A. Glazier,1 and Cornelis J. Weijer2. 1Indiana Univer-
sity-Bloomington, Bloomington, IN 47405; 2University of Dundee,
Dundee, DD1 5EH, UK.
During gastrulation, large-scale cell movements orchestrated precisely in
space and time take place; however, the detailed movement patterns and
controlling mechanisms are poorly understood. We study the initiation and
extension of the primitive streak during gastrulation in the chick embryo
(Graper, 1929; Joubin and Stern, 1999). We randomly label cells in the Stage
XI–XII chick blastoderm by expression of the Green Florescent Protein
(GFP) and monitor the cell movements by time-lapse microscopy. The cell
movement patterns show striking similarity to flow patterns formed in
complex viscous fluids. To investigate the possible mechanisms involved,
we analyze the velocity field of the movements and manipulate the Fgf and
Wnt signaling pathways, which have been implicated in chemotaxis and
convergent extension respectively (Yang et al., 2002; Wallingford et al.,
2002).
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The isthmic organizer (IsO) is a signalling boundary located at the
mid-hindbrain junction (MHBJ) of the vertebrate neural tube. Signals
produced by the IsO are essential for the development of adjacent
territories. We identified a small dorsal domain in the chick IsO that
we called isthmic node (isnode). By implanting DiI crystals in the isnode
region, we observed that its cells populate the roof plates (rp) of the mid-
and hindbrain depending on their initial anteroposterior positions. Graft
and ablation experiments showed that the isnode was required for the
development of the midbrain rp (Alexandre and Wassef, 2003). The Notch
signalling is involved in the differentiation of node cells and node
morphology in mouse and proper formation of embryonic midline
structures (Przemeck et al., 2003). Notch is also required during rp
development (Kadokawa et al., 2002). These data prompted us to examine
Notch signalling in the region. We observed a complex expression pattern
of Notch, Delta, Ser, Lunatic Fringe, and Hes genes centered on the
isnode during its formation. The same pattern was observed around an
ectopic IsO induced by a FGF8-soaked bead. When we interfered with
Notch signalling, we perturbed the isnode and the midbrain rp formation.
Our work demonstrates that Notch signalling concerns two different levels
in the midbrain rp development: Notch is important both for isnode
patterning and for midbrain rp structuring.128. Wnt-Responsive Genes in Avian Neural Crest Induction. Lisa
Taneyhill Ziemer and Marianne Bronner-Fraser. Caltech, Pasadena,
CA 91125.
The vertebrate neural crest is a population of migratory cells arising
through an inductive interaction between neural plate and ectoderm, a
process that is in part mediated by a Wnt signal. However, the molecular
nature of the downstream Wnt targets in this process is not known, nor
has any quantitative study been conducted to examine the expression of
candidate genes involved in crest induction. To this end, we have
undertaken quantitative polymerase chain reaction (QPCR) to elucidate
the repertoire of genes required to generate a crest cell in response to Wnt
signaling. Avian intermediate neural plate tissue was cultured in collagen
in the presence of either Wingless (Wg) or control-conditioned medium
(CM). We then assessed the expression of candidate Wnt-responsive
genes at times in culture corresponding to when crest cells are premi-
gratory (18 and 24 h) or at early stages of migration (36 h). The results
show that Wnt signaling upregulates the expression of several genes
expressed in the dorsal neural tube (slug, Pax3, cadherin 6b, Msx1) at the
times tested. Expression of rhoB, however, is unchanged or even
decreased in the presence of Wg CM. Interestingly, we found that
cadherin 6b was downregulated in response to Wnt signaling before crest
emigration, but other markers like slug were maintained. The temporal
regulation of these genes as assessed by QPCR in our culture paradigm
nicely correlates with the in vivo expression pattern of these genes during
various stages of chick development. This work will be coupled with the
identification of Wnt response genes via screening a chick macroarray
cDNA library to help elucidate how Wnt signaling mediates crest
formation.129. Wnt-5b may Antagonize Canonical Wnt Signaling during Chick
Embryo Somite Patterning. M. Meyerzon and L. W. Burrus. SFSU,
San Francisco, CA 94132.
Wnts are secreted signaling molecules that have been linked to somite
patterning and myogenesis in the vertebrate embryo. Wnt-3a signaling has
Abstracts 575been shown to promote proliferation in the neural tube as well as
proliferation of dermomyotomal cells, leading to the expansion of the
myotome (Galli et al., 2004). Wnt signaling intrinsic to the somite has
been implicated in the initiation of myogenesis (Linker et al., 2004), but
its role in somite patterning and myogenesis remains far less clear. Whole
mount in situ hybridization shows that Wnt-5b is expressed in the
dorsomedial lip of the dermomyotome, suggesting a role in myotome
formation or regulation of myogenic factors and somite patterning. Wnt-
5a, a close relative of Wnt-5b, signals through noncanonical pathways to
antagonize the effects of Wnt/h-catenin signaling and promote h-catenin
degradation (Topol et al., 2003). Thus, Wnt-5b may play a regulatory role
in somite patterning by antagonizing canonical signaling from Wnt-3a. To
further examine the function of Wnt-5b in somite patterning, we injected
a Wnt-5b expression construct into the neural tubes of HH stage 11–14
chick embryos. Transverse sections of these embryos at 24 h postinjection
reveal a truncated myotome on the electroporated side of the embryo.
This contrasts with the expanded myotome and increased proliferation
seen with overexpression of Wnt-3a and suggests possible antagonism. To
further analyze this hypothesis, we will test whether Wnt-5b can diminish
the Wnt-3a phenotype upon co-injection into the neural tube. We will also
test the effect of Wnt-5b on the differentiation by analyzing the expres-
sion of myosin heavy chain in electroporated embryos.130. Early Myotome Formation in the Central Dermomyotome Shows
Progressive Mediolateral Development along Cranial and Caudal
Lips and in Ectopically Formed Lips in Chicken Embryos.Ha Nam
Nguyen and Wilfred F. Denetclaw Jr. San Francisco State University,
San Francisco, CA 94132, USA.
The early epaxial and hypaxial myotome lineages arise from myo-
tome precursor cells (MPCs) in the dermomyotome dorsomedial lips
(DML) and ventrolateral lips (VLL), respectively. Both myotome
domains show a similar early mechanistic growth process, but expand
in opposite mediolateral directions for myotome formation. Furthermore,
the non-lip dermomyotome central sheet does not produce myotome
fibers. These myotome growth processes describe the Mexican Flag
model of early myotome formation in somites; however, myotome
formation in the central region between the DML and VLL has not
been well studied. To investigate, we made adjacent multicolored
fluorescent dye injections along cranial and caudal dermomyotome lips
to observe early growth of myocytes. To show the entire myotome, we
used desmin or MHC antibody labeling. Our results show that more
medially located injections always produced earlier myocytes than more
lateral placed labels along either cranial or caudal lips. As previously
reported, the central sheet did not produce myotome, except when the
dermomyotome was cut across the somite cranio-caudal axis (80% MTs
vs. 20% no MTs). We also found that a new basal lamina and in cases
where myotome resulted, ectopic lips were formed. At sites where
myotome did not form, no lips were formed, although the basal lamina
surrounded the dermomyotome. We conclude that the entire dermomyo-
tome has the potential for myotome formation and that this process is
dependent on lip formation. (NIH Grants P20-CA91471, P20-MD000544
and P20-MD00262.)131. Role of FGF4 in Anteroposterior Patterning of the Endoderm.
Anne Grapin-Botton,2 Jessica Dessimoz,2 and James M. Wells1.
1Division of Developmental Biology, Cincinnati Childrens Research
Foundation, Cincinnati, OH 45229-3039; 2ISREC, Chemin des
Boveresses 155, Case Postale, CH-1066 Epalinges s/Lausanne, CH.
During development, organs arise from the endoderm in a stereotyped
anteroposterior (A–P) pattern. An early sign of patterning is the expression
of organ-specific genes in restricted endoderm domains. We show that FGF4has a posteriorizing effect in vertebrate endoderm. Ectopic application of
recombinant FGF4 using heparin beads grafted on chick embryos in culture
demonstrates that FGF4 induces an anterior expansion of Pdx1, pancreas/
duodenum marker. Loss of function studies using the chemical FGF receptor
inhibitor SU5402 on beads demonstrate that FGF4 is required for normal
endoderm patterning. Indeed, it causes a repression of Pdx1 and CdxA
expression, and a posterior expansion of Pdx1. The activity of FGF4 on A–P
patterning lasts from gastrulation to somite stages. FGF4 is expressed by the
node andmay be deposited in lateral platemesoderm since this tissue controls
A–P patterning of endoderm at somite stages. FGF4 was previously shown
to play a role in mesoderm and ectoderm A–P patterning. Our experiments
point to a global mechanism that coordinates the A–P patterning of all three
primary germ layers. We present evidence suggesting that this is a direct
effect of FGFs on the endoderm. We are currently studying other endoderm
markers along the A–P axis since in the neural tube FGFs only control A–P
pattern in the cervical, thoracic, and truncal area at somite stages. We are also
investigating the role of other signaling molecules in endoderm A–P
patterning.132. Anterior–Posterior Limb Position Is Dependent on the Relative
Timing of Key Embryonic Events. Tyler C. Prestwich,1 Trent D.
Stephens,2 and Michael R. Stark1. 1Brigham Young University, Provo,
UT 84602; 2Idaho State University, Pocatello, ID 83209.
To better understand embryonic events leading to the determination of
limb position along the anterior–posterior (A–P) axis, we compared pre-
limb bud stage developmental morphology of three vertebrate organisms:
chicken, goose, and swan. These organisms were selected because of the
differences each exhibit concerning the A–P location of the forelimbs, or
more specifically, the number of cervical vertebrae. By observing dispar-
ities between the embryonic morphologies of the different species, we were
able to identify specifically where morphological distinctions in A–P
patterning arise. An overall observation stemming from this analysis was
that there were significant differences in the number of somites at specific
morphological stages of development when comparing organisms with a
different number of cervical segments (i.e., a swan with the three primary
brain vesicles clearly visible exhibited 20+ pairs of somites, while a
chicken with similar head morphology exhibited 10 pairs of somites). This
developmental delay in morphology compared to somite number corre-
sponds very well with differences in the number of cervical vertebrae. We
sought to confirm morphological differences and expand our understanding
of these deviations with molecular data. Spatial and temporal expression
patterns of genes thought to be important for limb initiation, including
FGFs, Wnts, and Frizzled receptors, were evaluated to compare differences
between species. Based on the data obtained, we hypothesize that the
relative timing of key embryonic events is critical in determining A–P limb
position.133. Early Specification of Hematopoietic and Angiogenic Lineages in
Chick Embryo: Function of FGF and TGF-Beta Pathways. Guojun
Sheng and Claudio Stern. Department of Anatomy and Developmental
Biology, University College London, Gower Street, London, WC1E
6BT, UK.
The first hematopoietic and angiogenic cells in early vertebrate
embryos are derived from mesodermal precursors in the posterior
primitive streak. In avian embryos, these cells migrate laterally to
become extraembryonic mesoderm, majority of which constitute heman-
gioblasts, the common precursors for both hematopoietic and angiogenic
cells. After receiving local cues from extraembryonic ecotoderm and yolk
sac endoderm, they initiate the differentiation into either hematopoietic or
angiogenic cells. We have isolated very early molecular markers for
these two lineages. The differentiation process can be separated into
Abstracts576several well-defined steps based on timing and location of marker gene
expression and morphological changes of these cells. We also looked
into the function of FGF and TGF-beta pathways during this process by
applying exogenous factors as well disrupting endogenous signaling
process. We will discuss their dynamic contributions both as patterning
molecules in the posterior streak as well as extraembryonic cues from
adjacent tissues.134. Human Embryonic Vascular Development and Potential of Em-
bryonic Stem Cells to Induce Neovasculogenesis. Sharon Gerecht-
Nir˙, Sivan Osenberg, Ori Nevo, Anna Ziskind, Raymond Coleman,
and Joseph Itskovitz-Eldor. 1Technion-Israel Institute of Technology,
Haifa, Israel; 2Department of Obstetrics and Gynecology, Rambam
Medical Center, Haifa, Israel.
During early human embryonic development, blood vessels are
stimulated to grow, stem, and invade developing tissues and organs.
Pluripotent human embryonic stem cells (hESCs) are endowed with the
capacity to differentiate into cells of blood and lymphatic vessels. Markers
and gene profiling of smooth muscle cells and endothelial cells of blood
and lymphatic vessels were used to follow neovasculogenesis and
lymphangiogenesis in early developing human embryos and also in
teratomas generated from hESCs. The involvement of vascular smooth
muscle cells in the early stages of developing human embryonic blood
vessels is demonstrated. Processes of intensive remodeling of blood
vessels during early stages of human development are further indicated
by the upregulation of angiogenic factors and specific structural proteins.
At the same time, evidence for lymphatic sprouting and moderate
lymphangiogenesis activation is demonstrated during these developmental
stages. In teratomas, human vascular smooth muscle cells and primitive
endothelial cells were demonstrated to be associated with developing
blood vessels. Nonetheless, human angiogenesis and lymphangiogenesis
are accompanied by murine host angiogenesis, which is the main source
of the blood vessels developing within the teratomas. This model
demonstrates that hESCs can generate vascularization in vivo and may
have the potential to induce new vascular growth in specific clinical
conditions.135. The Role of BMP Antagonism by the Organizer in Mammalian
Neural Induction. Yu-Ping Yang and John Klingensmith. Department
of Cell Biology, Duke University Medical Center, Durham, NC
27710.
The Spemann organizer in amphibians gives rise to axial mesendo-
dermal structures and is capable of inducing neural tissues; this is thought
to occur largely via the antagonism of bone morphogenetic protein (BMP)
signaling by the organizer. We are examining the role of BMP signaling
and the mouse organizer, the node, in mammalian neural induction. We
find that ectopic BMP represses anterior neural gene expression in
explants, while wild-type anterior axial mesendoderm is capable of
relieving the repression on forebrain gene expression caused by ectopic
BMP2 protein. Surprisingly, mouse Foxa2 mutant embryos lack an
organizer, yet still undergo neural induction. This neural patterning,
though without normal forebrain formation, occurs in the absence of
axial expression of organizing factors, such as the BMP antagonists
Chordin and Noggin. We found that Foxa2 mutants show normal if not
less expression of BMP signaling target genes at E7.5. However, one
target is upregulated anteriorly at E8.5 in a severe class of mutants. We
also found that several genes expressed in anterior visceral endoderm, also
thought to promote forebrain development, are not expressed or abnor-
mally localized in Foxa2 mutants. Our results suggest that BMP antag-
onism by the node and its derivatives play a supportive role in forebrain
development. The forebrain truncation phenotype in Foxa2 mutants islikely due to a lack of induction or maintenance signals from both the
anterior visceral endoderm and axial tissues, possibly involving excess
BMP signaling.136. BMP Signaling is Essential for Mesoderm Induction in the
Extraembryonic Tissue and Regulates Mesoderm Patterning in
the Epiblast. Shigeto Miura,1 Shannon Davis,2 John Klingensmith,2
and Yuji Mishina1. 11LRDT, NIEHS/NIH, NC 27709; 2 Duke Univ.,
NC 27710.
Bmpr1a encodes the BMP type IA receptor for bone morphogenetic
proteins (BMPs) 2 and 4. Using a Bmpr1a conditional allele and MORE
mice that express Cre in the epiblast, we generated an epiblast-specific
mutation of Bmpr1a (BmprMORE). Bmpr1a mutant embryos fail to
gastrulate, but BmprMORE embryos initiated gastrulation. Further, chi-
meras created by Bmpr1a mutant blastocysts and wild-type ES cells failed
to gastrulate. Thus, BMP signaling is essential in the extraembryonic
tissues for mesoderm induction. In BmprMORE embryos, development of
ventral and heart mesoderm was severely affected after initiation of
gastrulation. The lateral mesoderm developed as cell masses and expressed
both lateral and paraxial mesoderm markers. Extraembryonic structures
were less developed. Heart mesoderm was specified but showed massive
apoptosis by E8.5. Mutant somites expanded laterally but anterior –
posterior polarity and differentiation to myotome or sclerotome was
maintained. During gastrulation, we observed that the elongation of
primitive streak was delayed in BmprMORE. Cell lineage analyses showed
recruitment of paraxial mesoderm started around bud stage, suggesting
decreased proliferation of mutant epiblast. Absence of paraxial mesoderm
in Fgfr1 mutants encouraged us to test if both signaling antagonize to
determine ventral mesoderm fate. BmprMORE embryos were cultured with
a FGF type I receptor inhibitor. Inhibition of FGF signaling resulted in an
apparently normal development of BmprMORE embryos up to bud stage.
We are investigating the molecular mechanisms how both signaling
interact.137. Nodal Antagonists Regulate Migration of the Visceral Endoderm
along the Future Anteroposterior Axis of the Mouse Embryo.
Masamichi Yamamoto,1 Yukio Saijoh,1 Aitana Perea-Gomez,2 William
Shawlot,3 Richard R. Behringer,3 Siew-Lan Ang,2 Hiroshi Hamada,
and Chikara Meno. 1Osaka University, Suita, Japan and CREST(JST);
2IGBMC/CNRS/INSERM, Universite Louis Pasteur, Strasbourg,
France; 3Univ. of Texas, Houston, Texas.
Patterning of the mouse embryo along the anteroposterior (A–P) axis
during development requires migration of the distal visceral endoderm
(DVE) toward the future anterior side by a mechanism that has remained
unknown. Here we show that Nodal signaling and the regionalization of its
antagonists are required for normal migration of the DVE. Whereas Nodal
signaling provides the driving force for DVE migration by stimulating the
proliferation of visceral endoderm cells, Lefty1 and Cerl determine the
direction of migration by asymmetrically inhibiting Nodal activity on the
future anterior side.138. Early Mouse Blastomeres have Distinguishable Fates. Karolina
Piotrowska and Magdalena Zernicka-Goetz. Wellcome Trust/CR UK
Gurdon Institute and Department of Genetics, Univ. of Cambridge,
Cambridge, UK.
Lineage tracing studies show that at the two-cell stage it is possible to
predict which cell will contribute a greater proportion of its progeny to the
abembryonic part of the blastocyst and which to the embryonic part that
Abstracts 577will give rise to the embryo proper (Piotrowska et al., 2001). However, the
boundary between the clones is not perfectly orthogonal to the first
cleavage plane, but often represents some angular displacement from it.
Accordingly, the progeny of one 1/4 blastomere might be expected to
follow unique fate. In the present study, we have undertaken to try and
distinguish the fate of progeny of the later dividing blastomere from the 2 to
4 cell stage. Using a non-perturbing lineage tracing method, blastomeres
were labeled fluorescent dyes of different colors, allowed to develop to the
blastocysts stage and then the positions of the clones scored with respect to
the blastocyst cavity. The significance of different cytoplasmic regions has
been analyzed by testing the developmental potency of specific 1/4
blastomeres. Piotrowska et al., 2001, Blastomeres arising from the first
cleavage division have distinguishable fates in normal mouse development.
Development 128, 3739-3748.139. The Role of Mouse Cerberus-Like and Cripto in Early Mouse
Development. Ana C. Borges,1 Giovanna Liguori,3 Graziella Per-
sico,3 and Jose´ A. Belo2. 1Gulbenkian Institute for Science, Oeiras,
Portugal; 2F.E.R.N., Universidade do Algarve, Portugal; 3Institute of
Genetic and Biophysics, Adriano Buzzati-Traverso, CNR, Naples,
Italy.
The nodal signaling pathway has essential roles during vertebrate
development. In the mouse, nodal null mutants fail to gastrulate, to
establish the A–P axis, and to specify the anterior visceral endoderm
(AVE). In addition, mutations in several components of the nodal
signaling cascade produce phenotypes during gastrulation. For example,
null mutants for cripto, a co-receptor of nodal, are capable of inducing a
proximo-distal (P–D) axis that fails to rotate, thus being unable to
generate a proper A–P axis. In spite of nodal and cripto mutant
phenotypes being similar, in nodal mutants, a P–D axis cannot be found,
contrarily to cripto knockout mice, meaning that nodal has unknown
cripto-independent roles during early mouse development. Moreover,
nodal extracellular antagonists have been shown to be crucial for the
formation of the anteroposterior axis. In particular, in the cerberus-like;-
lefty-1 double mutant, the excessive nodal activity leads to the formation
of multiple primitive streaks. In the present work, we generated cerberus-
like cripto double mutants to uncover a genetic interaction between these
two factors. According to our hypothesis, in the context of the cripto null
mutant, the loss of cer-l will increase the level of nodal protein in the
extracellular space. By disrupting cripto activity and increasing nodal
levels, we may redirect nodal to a cripto-independent receptor complex
and rescue cripto phenotype. The preliminary results of this study will be
presented in the meeting.140. Disabled-2 Facilitates Transport of Maternal Nutrients across
the Visceral Endoderm. Meghan E. Duff, Shelli M. Morris, and
Jonathan A. Cooper. Fred Hutchinson Cancer Research Center,
Seattle, Washington.
Disabled-2 (Dab2) is required in the visceral endoderm (VE) during
mouse development. Knockout mice arrest at embryonic day (E) 6.0,
before demarcation of the anterior VE. Dab2 binds to and mediates the
trafficking of lipoprotein receptors, and is reported to regulate the
MAPK and TGFh signaling pathways. Because the VE is essential
both for nutrient supply and as a signaling center, we asked if Dab2
functions primarily as a trafficking or a signaling molecule in the VE.
Dab2 is differentially expressed as two isoforms, p67 and p96. Both
isoforms have features of adaptor proteins, including a phosphotyrosine-
binding (PTB) domain and a proline-rich region. Unique to p96 are
motifs that enable binding to components of the endocytic machinery.
This suggests that p96, but not p67, can mediate endocytosis of cargo
molecules. To detect Dab2 isoform-specific activities in vivo, knock-inmice were engineered to express either p67 or p96. Both isoforms
rescued the early embryonic requirement for Dab2. However, by E10.5
p67 homozygous embryos were smaller than wild-type littermates, and
only an estimated 40% were viable. The cause of lethality is under
investigation. p96 homozygotes developed normally in non-lactating
females, implying that Dab2 interacts with the endocytic machinery to
facilitate transport in the VE. Accordingly, uptake assays on E6.5
embryos showed reduced endocytic activity in the VE of dab2/
embryos that were restored in dab2p96/p96 embryos. Strikingly, p96
homozygotes were no longer viable from lactating females. This may
indicate a requirement for both isoforms when the female is nutritionally
challenged.141. Withdrawn142. Zac1 Function in Cell Fate Specification in the Retina. Lin Ma,1 Jen
Hocking,1 Annie Varrault,2 Natasha Klenin,1 Carrie Stange,1 Sarah
McFarlane,1 Laurent Journot,2 and Carol Schuurmans1. 1Genes and
Development Research Group, University of Calgary, Calgary, AB,
T2N 4N1, Canada; 2Gu¨0nomique Fonctionnelle-UPR 2580 CNRS,
CCIPE, 141, rue de la Cardonille, 34094 Montpellier Cedex 05,
France.
The retina consists of six classes of neurons and a single glial cell.
The generation of these distinct cell types is influenced by both
intrinsic factors and extrinsic signals. We have found that the zinc
finger transcription factor Zac1 is expressed at high levels in retinal
precursors throughout development. At postnatal stages, Zac1 expression
is also initiated in subsets of amacrine, horizontal, retinal ganglion
(RGC), and Mu¨ller glia cells. Overexpression of Zac1 in Xenopus
embryos strongly biases progenitors towards Mu¨ller glia and retinal
ganglion cell fates. On the contrary, in Zac1 null mutant mice, amacrine
cell numbers are increased. These observations suggest Zac1 plays an
important role in cell fate specification in the vertebrate retina. Future
studies are aimed towards identifying the genetic cascade in which Zac1
functions.143. Molecular Dissection of Xotx Action in the Developing Xenopus
Retina. Robert Vignali,1 Marco Onorati,2 Federico Cremisi,2 Yang
Liu,3 Rong-Qiao He,3 and Giuseppina Barsacchi1. 1Universita` di Pisa,
Dipartimento di Fisiologia e Biochimica, Laboratori di Biologia
Cellulare e dello Sviluppo, Via G. Carducci 13, 56010 Ghezzano
(Pisa), Italy; 2Scuola Normale Superiore, Piazza dei Cavalieri, 56100
Pisa, Italy; 3Chinese Academy of Sciences, Beijing, China.
Vertebrate Otx genes play an evolutionary conserved role in rostral
brain development and are related to the Drosophila orthodenticle gene
(otd). Recent studies have shown that the two otx genes Xotx2 and
Xotx5b play different roles in Xenopus retinal cell determination,
promoting bipolar and photoreceptor cell fates, respectively, and sug-
gesting diverse functional properties of the two proteins. By using an in
vivo lipofection approach, we are focusing on the following aspects: (1)
determining if Drosophila otd is active in retinal cell determination
within the frog retina; (2) determining the domains of Xotx2 and
Xotx5b proteins that are relevant for their respective abilities in retinal
cell commitment. Our preliminary results suggest that otd does not
reproduce the activity of either Xotx2 or Xotx5b in Xenopus retina,
unless its C-terminal part is replaced with that of either Xotx. A small
crucial region was identified in the Xotx2 and Xotx5b C-terminal part in
which the change of six amino acid residues completely switched
Xotx5b activity into that of Xotx2. Further experiments are underway
Abstracts578to identify the precise residues that may confer to Xotx proteins their
specific activity in frog retinogenesis. We expect that this in vivo
molecular dissection approach will extend our knowledge on how otx
proteins work.144. VEGF-Flk1 Signaling Regulates Retinal Progenitor Proliferation
and Ganglion Cell Differentiation in the Avascular Chicken
Retina. Takao Hashimoto,1 Xiang-Mei Zhang,1 Yikuang Brenden
Chen,2 and Xian-Jie Yang1. 1Jules Stein Eye Institute, Dept. of
Ophthalmology, Molecular Biology Institute, Univ. of California,
David Geffen School of Medicine, Los Angeles, CA 90095; 2Institute
for Cancer Genetics, Columbia Univ., College of Physicians and
Surgeons, New York, NY 10032.
Cumulative evidence supports a role for vascular endothelial growth
factor (VEGF) in neurogenesis, neuronal survival, and neural stem cell
renewal. Since the vasculature is present in most experimental systems, it
is often difficult to distinguish the direct role of VEGF on neuronal cells
from the indirect effect of increased vasculature or endothelial cell-derived
secondary factors. We have studied the potential roles of VEGF in the
development of the chicken retina, which remains avascular throughout
life. We report here that postmitotic differentiated retinal ganglion cells
produce VEGF, whereas adjacent progenitor cells express the Flk1
receptor for this secreted ligand. Augmentation of VEGF signals causes
an increase in retinal progenitor cell proliferation and a reduction of
retinal ganglion cell genesis. Conversely, diminished VEGF signaling
leads to decreased cell proliferation and enhanced retinal ganglion cell
production. Inhibiting Flk1 receptor expression or activation in the retina
similarly attenuates progenitor cell proliferation and promotes ganglion
cell differentiation. Thus, VEGF secreted by postmitotic retinal ganglion
cells act through the Flk1 receptor to modulate the behavior of early
retinal progenitors in a paracrine fashion. Our results demonstrate a direct
role for Flk1-mediated VEGF signaling in a neuronal cell population
during development.145. Evidence of ath5 Leading to neuroD Expression and Photoreceptor
Genesis. Shu-Zhen Wang and Wenxin Ma. Univ. of Alabama at
Birmingham.
Photoreceptors in the vertebrate retina are light-sensitive neurons. How
a photoreceptor fate is specified during development is not well understood.
Previous studies indicated two bHLH genes, neurogenin2 (ngn2) and
neuroD, participating in a genetic pathway leading to photoreceptor
genesis: ngn2 functions in progenitor cells and induces neuroD, which is
both sufficient and required for photoreceptor formation in the chick retina.
Here we report that ath5, a bHLH gene known for its critical role in retinal
ganglion cell development, could lead to neuroD expression and the
photoreceptor pathway. Retroviral-driven, ectopical ath5 expression in
cultured, nonneural retinal pigment epithelial cells induced de novo
generation of cells expressing photoreceptor genes and displaying elaborate
morphological features typical of developing photoreceptor cells. Mis-
expression of ath5 in retinal cells yielded an increase in photoreceptor
population, in addition to an increase ganglion cell population, in a
developmental stage-dependent manner. Consistent with its implicated
involvement in photoreceptor genesis, ath5 is expressed in the retinal
neuroepithelium at two locations: one coincides with the anatomical
position of developing ganglion cells and the other lacking definitive
identify. Co-expression of ath5 and neuroD was observed in both chick
and mouse retina. Gene expression analysis showed that neither ngn2
induced ath5, nor ath5 induced ngn2, but both induced neuroD and RaxL.
neuroD induced RaxL, but not vice versa. These data suggest a pathway of
‘‘ath5 to neuroD to photoreceptor genes’’ separate from, yet convergent
with, the ‘‘ngn2 to neuroD to photoreceptor genes’’ pathway.146. Dlx1 and Dlx2 Homeobox Genes Regulate Neural Cell Fate
Specification in Developing Mouse Retina. Koji Shibasaki and
Lin Gan. Center for Aging and Developmental Biology, University
of Rochester School of Medicine, Rochester, NY.
The retina is composed of six types of neurons and one glial cell type.
In developing retina, common multipotent progenitor cells generate all the
types of cells, and basic-helix-loop-helix (bHLH) and homeobox genes play
vital roles in cell fate specification and cell differentiation during neuro-
genesis. However, the molecular mechanisms of their functions are still
unknown. In this study, we examined the roles of Dlx1 and Dlx2 homeobox
genes in developing retina by gain-of-function assay. Mis-expression of
Dlx1 or Dlx2 by retrovirus infection into P0 mouse eyes significantly
increased the numbers of amacrine cells (AC) and retinal ganglion cells
(RGC) and concurrently caused a reduction of rod photoreceptors. In Math5
mutant mice, the expressions of Dlx1 and 2 were significantly down-
regulated, suggesting that Dlx1 and 2 are downstream target genes of
Math5. In Brn-3b mutant mice, the expressions of Dlx1 and 2 were
significantly upregulated. Because Brn-3b is not only a downstream target
of Math5 but also the expression patterns of the Dlx genes were quite
different between Math5 and Brn-3b mutant, thus our results suggest that
Brn-3b might be further downstream of the Dlx genes. Therefore, we
propose a new hypothesis that Math5 determines competence states of
postmitotic precursor cells to differentiate all retinal neurons as we reported,
and then Dlx1 and 2 can determine more detail competent states to
differentiate RGC or AC. Therefore, Brn-3b expression must promote the
terminal differentiation of RGC from the competent state precursors as a
result of the suppression of the Dlx gene expressions.147. Bhlhb5 Involves in one Subgroup of Amacrine Interneuron
Development in the Mouse Retina. Liang Feng and Lin Gan. Center
for Aging and Developmental Biology, University of Rochester
Medical Center, Rochester, NY 14642.
Previous studies showed that the absence of Math5/ATOH7 blocked the
initial differentiation of retinal gangalian cells and resulted in an increase of
amacrine cells. Furthermore, expression of Math5 alone was insufficient to
determine the cell fate, indicating that additional positive or negative factors
were required. To identify such factors, the bHLH Class B family member
Bhlhb5 was analyzed in present study. In adult mouse retina, expression of
Bhlhb5 was colocalized with some of amacrine cell markers, Pax6,
Syntaxin, and GAD-65 in both inner nuclear layer (INL) and ganglian cell
layer (GCL), but not with AII amacrine markers. It implicated that Bhlhb5-
exspressing cells are likely to be a small subgroup of amacrine neurons.
Bhlhb5 was expressed initially from E12, and later evenly distributed
through the outer neuroblast layer until E16.5. Spatial and temporal
expression of Bhlhb5 was shown to correlate with the differentiation of
amacrine interneuron. Examination of Math5 null mice revealed that
expression of Bhlhb5 was upregulated in Math5 mutant retina. In addition,
more Bhlhb5 cells appeared in the GCL of adult null mice. We also verified
that Bhlhb5 was expressed in both postmitotic cells and proliferating cells,
suggesting its potential role in regulating the differentiation of one
subpopulation of amacrine cells.148. Roles for SIP1 (Smad-interacting protein 1) in Lens Development.
Aki Yoshimoto, Yujiro Higashi, and Hisato Kondoh. Graduate School
of Frontier Biosciences, Osaka Univ., Osaka, Japan.
Smad-interacting protein 1 (SIP1) is a transcription factor containing
two-handed zinc fingers, a smad binding domain, and a homeodomain.
SIP1 is expressed throughout the stages of lens development. To elucidate
the function of SIP1 in lens development, we generated lens-specific SIP1
KO mice using Cre-loxP system. We used Pax6-Cre transgenic mice that
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specific SIP1 KO embryos had defects in lenses. First, lenses that lost
SIP1 did not detach from the surface ectoderm and then had persistent
connection between the cornea. This phenotype resembles PetersO˜ anomaly
found in human, and a similar symptom is seen in FoxE3 mutant mice.
FoxE3 expression in the lens was diminished in lens-specific SIP1 KO
embryos, suggesting that FoxE3 is regulated by SIP1 during lens develop-
ment. Second, lens fivers did not elongate. Consistent with this, immuno-
histochemical analysis showed that fiver-specific expression of gamma-
crystallin was abolished, while alfa and beta crystallin were expressed in
normal levels. Third, a significant increase of cell death was seen in the
anterior part of the lens in lens-specific SIP1 KO embryos. From these
observations, we conclude that SIP1 has roles in the detachment of the lens
from ectoderm, lens fiver cell elongation, and survival of lens cells.149. Segregation of Lens and Olfactory Precursors from a Common
Territory: Cell Sorting and Reciprocity of Dlx5 and Pax6 Expres-
sion. Andrea Streit,1 Sujata Bhattacharyya,2 Andrew P. Bailey,1 and
Marianne Bronner-Fraser2. 1Dept. Craniofacial Development, King’s
College London, London SE1 9RT, UK; 2Division of Biology,
Caltech, Pasadena, CA 91125.
Cranial placodes are focal regions of columnar epithelium next to the
neural tube that contribute to sensory ganglia and organs in the vertebrate
head, including the olfactory epithelium and the crystalline lens of the eye.
Using focal dye labelling within the presumptive placode domain, we show
that lens and nasal precursors arise from a common territory surrounding
the anterior neural plate. They then segregate over time and converge to
their final positions in discrete placodes by apparently directed movements.
Since these events closely parallel the separation of eye and antennal
primordia (containing olfactory sensory cells) from a common imaginal
disc in Drosophila, we investigated whether the vertebrate homologues of
Distalless and Eyeless, which determine antennal and eye identity in the fly,
play a role in segregation of lens and nasal precursors in the chick. Dlx5
and Pax6 are initially co-expressed by future lens and olfactory cells. As
soon as presumptive lens cells acquire columnar morphology, all Dlx family
members are downregulated in the placode, while Pax6 is lost in the
olfactory region. Lens precursor cells that express ectopic Dlx5 never
acquire lens specific gene expression and are excluded from the lens
placode to cluster in the head ectoderm. These results suggest that the loss
of Dlx5 is required for cells to adopt a lens fate and that the balance of Pax6
and Dlx expression regulates cell sorting into appropriate placodal domains.150. Withdrawn151. The Roles of Pax3 and FGFR4 in Trigeminal Placode Specification
and Delamination. James R. Bradshaw, Stephanie B. Reynolds, and
Michael R. Stark. Brigham Young University, Provo, UT 84602.
In vertebrate embryos, the ophthalmic trigeminal (opV) placode contrib-
utes sensory neurons to the trigeminal ganglion during development of the
peripheral nervous system. Pax-3 and FGFR4 are two of the earliest known
markers expressed in opV placode formation. Individual cells in the opV
ectoderm appear to be committed to a trigeminal neuron fate once they begin
to express Pax-3. FGFR4 expression in the trigeminal placode occurs during
the delamination process and is preceded by high levels of Pax-3 expression.
We have observed upregulation of FGFR4 and Neurogenin 2 in Pax-3-mis-
expressing cells. Using inhibitory oligonucleotides specific to Pax-3 mRNA,
we see decreased levels of endogenous Pax-3 protein in the opV placode
coinciding with downregulation of FGFR4, Brn-3a, and Islet-1. Using
inhibitory FGFR4 constructs, we observed an increase in Pax-3-expressingcells restricted to the cranial ectoderm and a reduction of opV placode-
derived ganglion cells. Through mis-expressing functional FGFR4 in non-
placodal trunk ectoderm, we find that FGFR4 is sufficient for cell delami-
nation. Our results show evidence of the necessity of Pax-3 and FGFR4 in
opV placode formation and subsequent sensory neuron migration and
differentiation.152. Analysis of the Role of Sfrp-3 in Chick Neural Crest Specification.
Lisa D. Acosta, Lisa M. Galli, Tina Cheng, and Laura W. Burrus. San
Francisco State University, Dept. of Biology, 1600 Holloway, San
Francisco, CA 94132.
The embryonic dorsal neural tube contains a unique population of cells
called neural crest. Evidence from multiple species shows that Wnt signaling
is involved in the specification of neural crest to give rise to melanoblasts,
neuroblasts, and glioblasts. Previous studies show ectopic expression ofWnt-
3a causes an increase in the specification of melanogenic lineages at the
expense of neurogenic and gliogenic lineages (Jin et al., 2001). Additionally,
Wnt-1 andWnt-3a are required for neural crest lineage specification (Ikeya et
al., 1997). Paradoxically, Wnt-1 and Wnt-3a are expressed in the neural tube
during neurogenic and gliogenic lineage specification. One explanation for
this paradox is that a factor involved in blocking Wnt signaling is expressed
during neurogenic and gliogenic lineage specification. Previous studies show
that Sfrp-3 is expressed in the dorsal neural tube during neurogenic and
gliogenic lineage specification, but not during melanogenic lineage specifi-
cation. Thus, I hypothesize that the Sfrp-3 protein is the factor involved in
blocking Wnt signaling during the specification of neurogenic and gliogenic
lineages. To test this hypothesis, I ectopically expressed Sfrp-3 in chick
embryo neural tubes and have utilized molecular markers to detect different
neural crest cell populations. If my hypothesis is correct, I predict that ectopic
Sfrp-3 will result in a decrease in melanoblasts and an increase in neuroblasts
and glioblasts. Although ectopic Sfrp-3 causes a general decrease in
proliferation in the neural tube, I have not yet observed an effect on neural
crest cell specification.153. Functional Analysis of Neuropilin-2 and a Cohort of Genes
Expressed in Premigratory Neural Crest Precursors. Laura S.
Gammill, Meghan S. Adams, Constanza Gonzalez, and Marianne
Bronner-Fraser. California Institute of Technology, Pasadena, CA
91125.
The neural crest is a migratory, multipotent cell population that arises at
the border between neural plate and nonneural ectoderm in vertebrates. To
create a gene expression profile of a premigratory neural crest precursor, we
have screened an arrayed chick cDNA library with a subtracted probe
generated from newly induced neural crest. One of the genes identified in
our collection was the cell surface receptor neuropilin-2a1 (npn2a1).
Although mouse mutants demonstrate a role for npn2 in axon guidance,
the function of npn2 during neural crest formation and migration has not
been evaluated. In situ hybridization reveals that both chick npn2a1 and
mouse npn2 are expressed in similar patterns in cranial and trunk premi-
gratory and migratory neural crest. We noted profound defects in neural
crest development in npn2 mouse mutants, including poorly condensed
cranial ganglia, crossing of neural crest cells between branchial arch
streams, and disruption of the segmental pattern of neural crest migration
in the trunk. These results show that npn2 is required for neural crest
development. This study provides an independent confirmation of the array
results, demonstrating that the premigratory neural crest gene expression
profile also has functional significance. In addition, our results highlight the
utility of a multiorganismal approach that combines the strengths of chick
experimental embryology with the advantages of mouse genetics. We are
continuing to analyze clones upregulated in our screen and will provide an
update on the premigratory neural crest gene collection.
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Neurons, and Cartilage along the Rostrocaudal Axis. Peter Y.
Lwigale,1 Gary W. Conrad,2 and Marianne Bronner-Fraser1. 1Cal-
ifornia Institute of Technology; 2Kansas State University.
Neural crest cells arising from different rostrocaudal axial levels form
different sets of derivatives as diverse as ganglia, cartilage, and cornea. We
test the relative roles of intrinsic versus extrinsic factors by challenging the
developmental potential of cardiac and trunk neural crest cells via transplan-
tation into an ectopic midbrain environment. Despite their ability to migrate
to the periocular region, neither cardiac nor trunk neural crest contributes
appropriately to the cornea, with cardiac crest cells often forming ectopic
masses on the corneal surface. Similarly, the potential of trunk and cardiac
neural crest to form somatosensory neurons in the trigeminal ganglion was
significantly reduced compared with control midbrain grafts. Cardiacneural
crest exhibited a reduced capacity to form cartilage, contributing only
nominally to Meckle’s cartilage, whereas trunk neural crest formed no
cartilage after transplantation, even when grafted directly into the first
branchial arch. These results suggest that neural crest cells along the
rostrocaudal axis display a graded loss in developmental potential to form
somatosensory neurons and cartilage even after transplantation to a permis-
sive environment. Hox gene expression was transiently maintained in the
cardiac neural tube and neural crest at 12 h posttransplantation to the
midbrain, but was subsequently downregulated. This suggests that long-term
differences in Hox gene expression cannot account for rostrocaudal differ-
ences in developmental potential of neural crest populations in this case.155. Brain-Derived Neurotrophic Factor Promotes Neurite Growth and
Survival of Antennal Lobe Neurons from the Silk Moth, Bombyx
mori in vitro. Bong H. Lee, Jin H. Kim, Dong K. Sung, and Chan W.
Park. School of Life Sciences and Biotechnology, Korea Univ. of
Korea, Seoul 136-701, Korea.
This study was performed to investigate effects of brain-derived neuro-
trophic factor (BDNF) on neurite growth and the survival rate of antennal
lobe (AL) neurons in primary culture, and production and secretion of BDNF
in brain and retrocerebral complex of the silk moth, Bombyx mori. BDNF
induced a significant neurite extension of some AL neurons, perhaps
projection neurons, in comparison with both the smaller effect of 20-
hydroxyecdysone (20-HE). BDNF also stimulated to outgrow more signif-
icant number of primary branches from principal neurites of other AL
neurons, perhaps interneurons, than 5-hydroxytryptamine (5-HT). In primary
culture with BDNF, 20-HE, and 5-HT, AL neurons showed higher survival
rate by BDNF and especially the highest by a combination of BDNF and 5-
HT. Results from Western blots of brain, ELISA assay of hemolymph, and
immunolabeling of brain and retrocerebral complex suggested that BDNF-
like neuropeptide is synthesized by median and lateral neurosecretory cells
with a molecular weight of 38 kDa, then transported to corpora allata, and
finally perhaps secreted into hemolymph for its action. Both neurite growth
and survival of the B. mori AL neurons by BDNF in vitro, and the
synthesizing neurons and secretion pathway of BDNF-like neuropeptide in
the B. mori brain, retrocerebral complex, and hemolymph are first reported in
insect species. These data will also provide very valuable information for
identity and functions of BDNF in invertebrates.156. sns-10, the C. elegans Ortholog of aristaless/ARX, Regulates
Sensory and Motor Neuron Development. Tal J. Melkman and
Piali Sengupta. Brandeis University, Waltham, MA 02454.
Recent studies have shown that mutations in the aristaless-related gene
ARX in humans are linked to mental retardation. While the cause for
retardation is not clear, in mice, loss of ARX function causes reduced
proliferation of neuronal precursors and abnormal migration and differenti-ation of GABAergic interneurons. The roles of ARX in neuronal develop-
ment and function are not fully understood. In Drosophila, mutations in
aristaless result in defects in patterning of several organs, including the
antennae. In particular, the most distal parts of the antennae, the aristae
sensory organs, are lost. We have identified mutations in the C. elegans
aristaless/ARX ortholog, sns-10. SNS-10 regulates the specification of both
chemosensory neurons and GABAergic motor neurons. In sns-10 mutants,
both the AWA olfactory neurons and the ASG gustatory neurons are variably
lost, and there appear to be ectopic GABAergic motor neurons. We carried
out genetic analyses to place sns-10 in a previously defined developmental
cascade required for AWA and ASG neuron specification. Interestingly, this
cascade includes the LIM homeodomain transcription factor LIN-11, which
is an ortholog of dLim1 (Dm) and related to Lhx9 (Mm). dLim1 and Lhx9
were shown to be affected by aristaless andARX loss, respectively. Thus, our
understanding of SNS-10 function in C. elegansmay lead to insights into the
function of its orthologs in other organisms and provide information
regarding its role in neuronal development.157. BMP Differentially Regulates Distinct Subsets of Tlx-3-Positive
Hindbrain Sensory Neurons. Cairine Logan, Grace Ma, Mark
Ballermann, and Amata Hornbruch. Genes and Development Re-
search Group, University of Calgary, Calgary, AB, T2N 4N1.
Recent studies show the divergent homeobox-containing transcription
factor Tlx-3 (also known as Rnx/Hox11L2) is required for the proper
formation of first-order relay sensory neurons in the developing vertebrate
brainstem. However, little is known about the inductive signals or transcrip-
tional regulatory cascade underlying their development. We previously
isolated the chick Tlx-3 homologue and showed it is expressed early (i.e.,
beginning at HH15) in distinct subcomponents of both the trigeminal/solitary
and vestibular nuclei. Here we show via in vivo rhombomere inversions that
Tlx-3 expression is under control of local environmental signals. Currently,
the most attractive candidate signaling molecule potentially involved in
regulating Tlx-3 expression is bone morphogenetic protein (BMP). Various
BMPs are present dorsally in the hindbrain. Our RNA in situ analysis shows
expression of the BMP-specific receptor Bmpr-1b overlaps that of Tlx-3. To
directly test whether BMPs are involved in regulating Tlx-3 expression in the
hindbrain, we manipulated the BMP signaling pathway in vivo via electro-
poration of expression vectors encoding either BMP or Noggin (a BMP
antagonist). Our functional data strongly support the idea that a BMP-
activated transcriptional cascade involving Cash1 specifies first-order relay
sensory neurons in the developing brainstem. Furthermore, our results
suggest that in addition to being required for formation of the trigeminal/
solitary nuclei, Tlx-3 is both sufficient and necessary for the proper formation
of the vestibular nuclei. (Supported by CIHR and AHFMR.)158. Control of Gene Expression by Chondroitin Sulfate in the
Presumptive Head Region of Chick Embryos. Satinder K. Sidhu
and David R. Canning. Murray State University, Murray, KY 42071.
We have studied the effects of the molecular components of the
extracellular matrix (ECM) on neural differentiation in the chick. Specifi-
cally, we have investigated the role of chondroitin sulfate (CS) in the
morphogenesis and differentiation of the presumptive head region of chick
embryos. We have found that CS plays a critical role in head development
and differentiation by regulating N-cadherin expression. As the head fold
develops, CS delineates neural tissue areas from the mesenchymal areas of
the head. Experimental removal of CS from explants of presumptive head
region results in altered head development and differentiation of neural
tissue. In situ hybridization on the explants reveals that when CS is removed
from the explants of presumptive head region, the normal expression of early
neural markers is altered. It was seen that expression of Sox-2 is lost while
Otx-2 expression is upregulated when explants are treated with Chondroi-
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expression patterns. Our results demonstrate that CS regulates anterior neural
development, possibly through controlling the localization of N-cadherin.159. Formation of Neural Plate Involves Wnt Pathway Mediated by
Frizzled7–Tbx2. Vladimir P. Korzh, Steven Fong, Cathleen Teh, and
Alexander V. Emelyanov. Institute of Molecular and Cell Biology,
Singapore.
Cell proliferation and differentiation are closely connected during early
neurodevelopment of vertebrates. The neural plate is formed as a result of
intense cell movement. Previously, cell migration was linked to cell adhe-
sion.We used chimeric analysis, including cell transplantation and clonal cell
labeling, in combination with inhibition of gene function by morpholino to
study the role of specific genes during formation of the neural plate in
zebrafish. Using this approach, we demonstrated a novel role of the low-level
transcription of Tbx2b in this process. Cells depleted of Tbx2b were unable
to integrate into the neural plate and developed as epidermis, which resulted
in the ‘‘exclusion’’ phenotype. Using this phenotype as a standard of a new in
vivo assay, we demonstrated that a similar effect was observed after
inhibition of Frizzled7, suggesting that Wnt signaling acts upstream of
Tbx2b. In addition, we demonstrated that inhibition of this signaling pathway
affected expression of cadherins and adhesive properties of cells in vitro. One
more aspect of this developmental mechanism was illustrated by the fact that
depletion of Tbx2b or components of the upstreamWnt signaling resulted in
reduction of cell proliferation. This suggested an early developmental link
between cell proliferation and neural differentiation involving Frizzled7–
Tbx2b. These and other results will be discussed in a context of existing
theories of neural induction.160. Conditional Inactivation of Raldh2 Reveals Requirement of
Retinoids and Hoxc8 in the Specification of a Subset of lim1-
Expressing Brachial Motoneurons. Isabelle Le Roux,1 Julien Ver-
mot,1 Herve´ Le Mouellic,2 Hamid Meziane,1 Peter Mc Caffery,3
Philippe Brulet,2 Pierre Chambon,1 and Pascal Dolle1. 1IGBMC, Parc
d’innovation, BP 10142, 67404 Illkirch Cedex, France; 2Institut
Pasteur, Bat. J. Monod, 25 rue du Dr Roux, 75724 Paris Cedex 15,
France; 3Eunice Kennedy Shriver Center, Waltham, MA 02452.
Retinoic acid (RA) signaling activity plays sequential roles during the
development of the spinal cord. Here, we have investigated the role of local
RA synthesis in the developing neurons of the murine brachial lateral motor
column (LMC) using a conditional knockout strategy that ablates the
function of the retinaldehyde dehydrogenase 2 (Raldh2) synthesizing en-
zyme in these cells. Adult mice lacking Raldh2 function in the spinal cord
exhibit a congenital forepaw neuromuscular defect that results from early
embryonic loss of a subset of Lim1+ motoneurons and inappropriate axonal
projections of one of the nerves innervating extensor limb muscles. The
molecular basis of this phenotype appears to rely in part on the deregulation
of HoxC8, which in turn regulates components of the RA signaling pathway,
such as RARb. Thus, interdependent RA signaling and Hox gene function
are required for the specification of motoneurons in the murine LMC.161. A Screen for Novel Genes Downstream of Neurogenin 2 in the
Developing Neocortex. Pierre A. Mattar,1 Olivier Britz,2 Chistine
Johannes,1 Marta Nieto,3 Lin Ma,1 Natalia Klenin,1 Francois Guille-
mot,2 and Carol J. Schuurmans1. 1Dept. of Biochemistry and Molec-
ular Biology, Univ. of Calgary, Calgary, AB, Canada; 2Division of
Molecular Biology, National Institute for Medical Research, London,
UK; 3Beth Israel Deaconness Medical Center, Howard Hughes
Medical Institute, Harvard Medical School, Boston, MA.Neurogenin (Ngn) 1 and Ngn2 mediate multiple cell fate choices in the
embryonic neocortex, but modulators and downstream effectors remain
poorly defined. Based on the known neuronal specification defects in the
early Ngn2 mutant neocortex, we set out to identify new genes involved in
neocortical development by subtracting cDNA derived from the dorsal
telencephalon of Ngn2 mutants from wild-type cDNA. By random se-
quencing and expression analysis of library clones, we identified several
genes that had regionalized patterns of expression in the embryonic neural
tube and that were misregulated in Ngn2 mutant cortices. Included were
genes downregulated in the Ngn2 mutant germinal zone (e.g., srGAP3,
Sema3c, Unc5H4, Dcc, EphA5) and in postmitotic neurons in the cortical
plate (e.g., Mef2c, Bhlhb5, protocadherin9) and subplate (e.g., Mef2c,
srGAP3, protocadherin 9). Thus, our screen has identified novel compo-
nents of the differentiation cascade(s) activated downstream of Ngn2 in the
cortex. Based on previous research, we predict that several of the genes we
isolated not only share spatial and temporal expression patterns, but also
interact at the molecular level (e.g., Dcc and Unc5H4). Future research will
test whether these putative interactions occur, and if so, what role they play
in the developing neocortex.162. Brg1 is Required for the Differentiation of Specific Lineages in the
CNS. Larry S. Sherman,1 Christopher Adams,1 Fatima Banine,1
Rubing Xing,1 Ying Liu,2 Daniel Metzger,3 Pierre Chambon,3 and
Steven Matsumoto4. 1Oregon National Primate Research Center,
Beaverton, OR 97006; 2National Institute on Aging, Baltimore, MD
21224; 3Universite´ Louis Pasteur, 67404 Illkirch-Cedex, France;
4Oregon Health and Science University, Portland, OR 97239.
As different cell types differentiate, genes that define the features of
specific cells are activated while other genes are repressed. It is unclear,
however, how such molecular decisions are regulated. We tested the
possibility that a subunit of mammalian SWI/SNF chromatin remodeling
complexes, called Brg1 (for Brahma-related gene-1), regulates cell type-
specific gene transcription in the developing nervous system. Brg1 is
expressed by subgroups of cells throughout the neural tube and in the
developing brain and spinal cord. Targeted deletion of Brg1 in the mouse
nervous system results in perinatal death related to abnormal cortical
development and complete ablation of astrocytes. Interestingly, other cells
believed to belong to the astrocyte lineage, including radial glia, were
unaffected. Cells in the oligodendrocyte lineage appeared to differentiate
normally but in reduced numbers. In contrast, neurons demonstrated aberrant
morphological phenotypes throughout the cerebral cortex and abnormal
cortical lamination. In vitro studies suggest that loss of Brg1 influences
cellular phenotypes through alterations in DNA methylation of cell type-
specific genes. These findings indicate that Brg1 is absolutely required for the
differentiation of specific cell types in the CNS and support the idea that Brg1
influences cell type-specific gene expression by regulating patterns of DNA
methylation.163. Genetic Analysis of Dopaminergic and Noradrenergic Neuron
Development in the Zebrafish CNS. Wolfgang Driever, Jochen
Holzschuh, Katrin Du¨rr, Anne-Kathrin Ettl, and Soojin Ryu. Univ.
Freiburg, D-79104 Freiburg, Germany.
CNS dopaminergic (DA) and noradrenergic (NA) neurons form in
distinct regions at characteristic embryonic stages. This raises the question
whether all DA/NA neurons of one transmitter type are specified by the
same set of factors. We performed genetic analyses to define signaling
requirements for the specification of distinct clusters of DA/NA neurons in
zebrafish. In mutants affecting the midbrain–hindbrain boundary signaling
center, the earliest ventral diencephalic DA neurons appear normal. In Hh
pathway mutants, the formation of DA neurons is affected only in the dorsal
diencephalic pretectal cluster. Surprisingly, neither FGF8 alone nor in
Abstracts582combination with Hh signaling is required for the specification of early DA
neurons. In Nodal pathway mutants, ventral diencephalic and pretectal DA
neurons fail to develop, while both anatomical structures form at least in
part. This suggests that Nodal/TGF-beta signaling is required for dience-
phalic DA neuron specification. Our results do not support the previously
suggested dominant roles for Shh and Fgf8 in specification of the earliest
DA neurons, but indicate a novel role for TGFbeta signaling in this process.
While it has been previously shown that FGF8 is involved in specification
of NA neurons in the locus coeruleus, the control of NA development in the
medulla/area postrema was unknown. We could show that TFAP2a is
required for expression of the NA phenotype in all hindbrain NA neurons.
However, different signals induce NA neurons in the anterior and posterior
hindbrain: our data indicate that retinoic acid signaling controls NA
specification in the medulla.164. Nkx6 Genes Differentially Control Oligodendrocyte Generation in
the Spinal Cord and Hindbrain. Joanna M. Klos, Anna Vallstedt,
and Johan Ericson. Department of Cell and Molecular Biology,
Karolinska Institute, S-171 77 Stockholm, Sweden.
Spinal cord motor neurons (MNs) and oligodendrocytes (OLs), the
myelinating cells of the central nervous system (CNS), are sequentially
generated from a common pool of ventral progenitor cells that selectively
express the bHLH transcription factor Olig2. Studies have shown that Olig2
is necessary for the generation of MNs and OLs at this axial level of the
CNS. In a similar fashion, Olig2, together with the related protein Olig1, is
required for OL generation in the ventral hindbrain. The homeodomain
proteins Nkx6.1 and Nkx6.2, collectively called Nkx6 proteins, are also
necessary for MN generation in the spinal cord, and the loss of MNs in
mice lacking Nkx6 function is preceded by a loss of Olig gene expression.
We have examined the role for Nkx6 proteins in the specification of OLs in
the spinal cord and hindbrain. Consistent with the abolished expression of
Olig2, no ventral specification of OL-precursors (OLPs) can be detected in
the spinal cord of Nkx6-null mice. In the rostral hindbrain, however,
abolished Nkx6 function instead results in an unanticipated activation of
Olig gene expression and a massive overproduction of OLPs. These data
reveal a differential control of OL generation at different axial levels of the
CNS; while Nkx6 proteins are necessary for ventral OL generation in the
spinal cord, these same proteins act as suppressors of OL generation in the
hindbrain.165. Dissecting the C. elegans Mesendoderm Gene Network Reveals a
New Role for Wnt Signaling. Morris F. Maduro, Gina Broitman-
Maduro, Katy Lin, and Wendy Hung. UC Riverside, Riverside, CA
92521.
At the four-cell stage of C. elegans development, the EMS blastomere
divides into the mesodermal precursor cell MS and the endoderm
precursor E. Both are specified by the GATA-like regulators MED-1
and MED-2. In E, MED-1 and -2 activate the E-specification genes end-
1,3, while in MS, the Wnt target TCF/POP-1 represses end-1,3 (Maduro
et al., 2002). In pop-1 mutants, both MS and E express end-1,3 and give
rise to endoderm, suggesting POP-1 functions in MS to block E fate (Lin
et al., 1995).
We are characterizing MED-1 target genes generated by searching the
C. elegans genome for MED-1 site clusters (GBM, MM and J. Rothman,
in preparation). By in situ hybridization, we have detected transcripts of
one target, hlh-25, in MS and another blastomere, C, at the eight-cell
stage. As both MS and C make muscle, hlh-25 may participate in a gene
network that specifies muscle precursors. Furthermore, an hlh-25::GFP
reporter, normally expressed in the early MS lineage, is ectopically
activated in E in pop-1 mutants, suggesting that POP-1 may also function
in E to block MS fate.Two other projects are aimed at identifying more early MS lineage
genes. We are dissociating early embryos and enriching for blastomeres
expressing hlh-25::GFP by FACS as a means to obtain early MS lineage
transcripts for microarray analysis. We are also characterizing putative EMS
lineage genes identified by microarray profiling performed by Ryan Baugh
and Craig Hunter (Harvard).
At the meeting, we will report our progress on elucidating the
mesendoderm regulatory network and characterizing the apparently novel
role for POP-1 in repression of MS fate.166. Hyperactive Wnt Signaling Promotes Transdetermination of Lung
Endoderm Progenitors into Intestinal Lineages. Tadashi Okubo and
Brigid L. Hogan. Department of Cell Biology, Duke University
Medical Center, Durham, NC 27710.
During mouse development, organs such as the lung, trachea, stomach,
and intestine arise from the definitive endoderm. In the intestine, canonical
Wnt signaling regulates cell proliferation, lineage choice, and differentia-
tion. However, little is known about its role in lung development. Analysis
of TOP-Gal (Tcf/Lef Optimal Promoter-beta-galactosidase) reporter mouse
embryos reveals dynamic Wnt signaling in lung endoderm from E9.5 until
before birth, when activity declines. To explore the function of canonical
Wnt signaling in lung development, we expressed a constitutively active
beta-catenin-Lef1 fusion protein in transgenic embryos under the control of
the surfactant protein C promoter specifically expressed in lung endoderm.
At E18.5, transgenic lungs appeared grossly normal but contained highly
proliferative cuboidal epithelium containing few well-differentiated respi-
ratory cell types. Unexpectedly, DNA Affymetrix data combined with
section in situ hybridization revealed high levels of genes characteristic
of intestinal cell types, for example, cryptdins normally expressed by
Paneth cells. Genes encoding transcription factors such as Cdx1 and Atoh1,
which normally regulate cell lineage specification in the intestine and are
absent from the lung, are also transcribed in transgenic lungs. Our results
demonstrate a role for Wnt signaling in the proliferation and differentiation
of lung progenitor cells. We propose a model in which elevated Wnt
signaling in lung endoderm progenitor cells promotes their transdetermi-
nation into intestinal and other non-lung secretory lineages.167. Sox17 Regulates Differentiation of Progenitor Cells in the Airway
Epithelium in the Lung. Kwon-Sik Park,1 James M. Wells,2 and
Jeffrey A. Whitsett1. 1Division of Pulmonary Biology; 2Division of
Developmental Biology, Cincinnati Children’s Hospital Medical Cen-
ter, University of Cincinnati College of Medicine, Cincinnati, OH
45229.
The Sry HMG box protein Sox17 is a transcription factor that plays a
critical role in endoderm formation in vertebrates. Despite its expression in
many organs including lung, the role of Sox17 in organogenesis is unknown.
In situ hybridization and immunohistochemistry demonstrated that Sox17 is
expressed in blood vessels andmesenchymal compartments of the fetal lungs
at E11.5–16.5. Expression of Sox17 in respiratory epithelial cells was first
detected at E18 when it was restricted to ciliated and basal cells in the
postnatal lung. To test the hypothesis that Sox17 plays a role in differentiation
or maintenance of ciliated cells and basal cells, we developed an inducible,
lung specific bi-transgenic mouse CCSP-rtTA/Sox17 in which Sox17 ex-
pression is directed to respiratory epithelial cells of the developing lung.
Expression of Sox17 reduced the numbers of FoxJ1 and b-tubulin staining
cells but did not alter sites and levels of expression of CCSP or SP-B. The
morphology of Sox17-overexpressing cells was similar to that of basal cells.
Sox17 increased the number of basal cells and inhibited expression of FoxJ1
and b-tubulin, supporting the concept that Sox17 enhances and maintains
specification of basal cells that serve as common progenitors of airway
epithelial cells in conducting airways.
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Pronephric Duct. Ming Ma and Yun-Jin Jiang. Laboratory of
Developmental Signalling and Patterning, Institute of Molecular and
Cell Biology, 1 Research Link, 117604 Singapore.
We are interested in how the cells in the zebrafish embryonic nephric duct
differentiate, especially ciliated cells. The primary cilium is present in all cells
in the zebrafish pronephric tubule and duct from 15 s stage onwards, but cilia
tufts (multicilia) are generated gradually in a posterior-to-anterior manner
only from 20 s stage until 48 hpf. Two different cell types can be found from
20 s stage: cilia cells without ion channels and non-cilia cells with ion
channels, which express centrin4p, a cilia cell marker, and Na, K-ATPase
h1a, an ion channel marker, respectively. Since Notch signaling is required
for differentiation of ciliated cell in the skin in Xenopus and ciliated hair cell
in the ear of zebrafish, we hypothesized that Notch signaling may single out
cilia cells from duct precursor cells. First, the expressions of Notch ligands
and receptors were examined. notch5, but not notch1a, is expressed persis-
tently before and after differentiation in the pronephric duct. Interestingly,
serrateB expression level is uniform in all duct cells before differentiation but
is limited to centrin4p-expressing cells after 20 s stage. Furthermore, the
number of cilia cells was found to be increased in the mib mutant (where
Notch signaling is compromised), serrateB morphant, and notch5 morphant.
Number increase in cilia cells is at the expense of the neighboring cells as
determined by a reduction in expression level of Na, K-ATPase h1a. Taken
together, we showed that SerrateB-Notch signaling is responsible for the
differentiation of the two cell types in the zebrafish pronephric duct.169. FGF9 Signaling and the Nuclear Expression of FGFR2 in Sertoli
Cell Precursors during Testis Determination.Yuna Kim and Blanche
Capel. Duke University Medical Center, Durham, NC 27710.
Testis development in mammals depends on the presence of the Y-
chromosome linked gene, Sry. In the genital ridge, Sry is expressed in Sertoli
precursors, the supporting cell lineage of male gonads, and initiates testis
development by directing the differentiation of these cells. Fibroblast growth
factor 9 (FGF9) is an important male factor since its deletion causes male to
female sex reversal. Phenotypic analysis of the mutant gonads has implied a
role for FGF9 in the proliferation and differentiation of Sertoli cells. To
understand the relationship between somatic cell proliferation and Sry
expression, we analyzed SRY::GFP; Fgf9/ mice and discovered Sry
expression is upstream of FGF9 signaling. However, FGF9 expression is
not restricted to XY gonads until testis cord formation at 12.5 dpc. Sex-
specific activity of FGF9 in XY gonads appears to bemediated by differential
expression of FGFR2 or the presence of additional factors in the extracellular
matrix. FGF9 can induce the nuclear localization of FGFR2 in XY gonads,
not in XX. Nuclear FGFR2 and Sox9 is lost in FGF9 null mutant gonads,
supporting the hypothesis that the nuclear FGFR2 plays a role in the
differentiation of Sertoli cells. Further studies will elucidate the relationship
between nuclear localization of FGFR2 and Sox9 expression in pre-Sertoli
cells, and the differential trafficking of FGFR2 in XY gonads.170. Cell Lineage Tracing in the Mouse Placenta using Spongiotropho-
blast-Specific Cre Transgenic Mice. Amanda L. Fortier, Hideyuki
Yamamoto, and James C. Cross. Univ. of Calgary, Calgary T2N 4N1,
Canada.
Trophoblast stem cells differentiate to form the three main layers of
mature placenta-outer trophoblast giant cells, intermediate spongiotropho-
blast, and the innermost labyrinth layer. The lineage relationships between
these layers are largely unclear. Cells within the ectoplacental cone express
spongiotrophoblast markers as early as E6.5, but when placed into culture,
these cells differentiate into trophoblast giant cells. The ability of ectopla-
cental cone/spongiotrophoblast cells to contribute to the labyrinth has beensuggested but is not supported by direct experimental data. To address this
issue, we generated transgenic mice in which expression of Cre recombinase
is under the control of the Tpbpa promoter. Tpbpa is expressed at the tip of the
ectoplacental cone beginning at E6.5. From E11.5 until term, it is expressed
throughout the spongiotrophoblast and also in glycogen trophoblast cells that
differentiate within the spongiotrophoblast layer after E12.5 and invade into
the uterinewall. Importantly, Tpbpa is not expressed in trophoblast giant cells
or the labyrinth. In two of the three transgenic lines, the transgene is
expressed in a subset of cells in the ectoplacental cone by E8.5 and, by
E11.5, is expressed throughout the spongiotrophoblast as well as glycogen
trophoblast cells. We have crossed the Tpbpa-Cre mice with mice carrying
the Cre-activatible Z/AP reporter and followed the expression of alkaline
phosphatase (AP) as an indicator of cells derived from Tpbpa-Cre-positive
cells. Preliminary results suggest that AP activity was extensive throughout
the spongiotrophoblast but was absent from the labyrinth.171. On the Development of Embryonic Hematopoietic and Endothelial
Cells in Xenopus. Aldo Ciau-Uitz and Roger Patient. Institute of
Genetics, University of Nottingham, QMC, Nottingham NG7 2UH,
UK.
During development, hematopoiesis occurs in two waves that have
distinct origins. The first wave takes place in the yolk sac and is of the
embryonic type, producing mainly nucleated erythrocytes. The second wave
originates in the AGM region of the embryo proper and is of the adult type,
leading to the generation of HSCs that generate all the hematopoietic cell
types in the adult. In Xenopus, embryonic blood differentiates from the VBI,
the yolk sac equivalent. We have previously reported that VBI cells derive
from precursor cells co-expressing blood and endothelial genes, the prospec-
tive hemangioblasts. Here, by gene expression analysis and the use of small
molecule inhibitors and agonists of several signalling pathways, we further
investigate the development of these precursors. Our results show that
phenotypic hemangioblasts can already be visualized at the end of gastrula-
tion and that their specification is very likely to take place during gastrulation.
Also, in clear contrast to erythrocyte differentiation genes, myeloid differ-
entiation genes are expressed in these cells. We further found that, in contrast
to the situation in murine embryoid bodies, hedgehog signalling is not
required for embryonic hematopoiesis; and that retinoic acid (RA) signalling
prevents hemangioblast differentiation, since in embryos treated with RA the
VBI does not generate erythrocytes but instead a population of cells co-
expressing hematopoietic and endothelial cells. Our studies provide infor-
mation on the programming of embryonic hematopoietic cells as a first step
toward understanding the specification and programming of the hematopoi-
etic stem cell.172. Scylla and Charybde, Cell Death Effectors in Drosophila. Sandra G.
Kazuko, Anne Scuderi, Karl Simin, James E. Metherall, and Anthea
Letsou. University of Utah, Department of Human Genetics, Salt Lake
City, UT 84112.
We employed robotic methods and the whole genome sequence of
Drosophila to facilitate a large-scale expression screen for transcripts that
are expressed in spatially restricted patterns early in Drosophila embryo-
genesis. Here we describe our characterization of one pair of homologous
genes that we identified via this high-throughput screen. The genes, scylla
(scyl) and charybde (chrb), are homologous to the human apoptotic gene
RTP801 and code for patterned transcripts in early embryos. In Drosoph-
ila, both the gene products are transcriptionally regulated targets of Dpp/
Zen-mediated signal transduction and appear more generally to be
downstream targets of homeobox regulation. Gene disruption studies
revealed the functional redundancy of scyl and chrb as well as their
pro-apoptotic roles in embryonic head involution. Taken together, our data
suggest that Scylla and Charybde function as two new cell death effectors
Abstracts584in Drosophila. More generally, our study underscores the importance of
whole genome methods in isolating downstream components of even the
best-characterized signaling pathways.173. A Cell Biological Analysis of the Ci Signaling Complex. Barbara E.
Sisson and Robert A. Holmgren. Department of Biochemistry, Molec-
ular Biology and Cell Biology. Northwestern University. Evanston, IL.
The Hedgehog (Hh) signal transduction pathway plays a significant
role in the development of invertebrates and vertebrates. The pathway
begins with Hh binding its receptor Patched (Ptc), relieving Ptc repression
of Smoothened (Smo). Smoothened then sends a signal to a cytoplasmic
complex containing the transcription factor cubitus interruptus (Ci). In
response to signaling, the cleavage of Ci into a repressor is blocked and
the full-length protein is released from the complex and translocates to the
nucleus activating the pathway target genes. While much is known about
the pathway, cell biological studies have been limited. To investigate the
subcellular distribution of Ci and its signaling complex, we have looked
to the large cells of the Drosophila salivary glands to serve as a model
system. Our goal is to follow the subcellular distribution of Ci before and
after Hh signaling and determine whether different Ci signaling com-
plexes exist with distinct distributions. In addition, fluorescently tagged
proteins will be used to visualize Hh signal transduction in living cells.
While the increased cell size of salivary gland cells provide an excellent
system to study changes in the cellular distribution of Hh pathway
members, the presence of polytene chromosomes within these cells
provides an assay with which to study the binding of transcription factors
to DNA. In our initial studies, it appears that the repressor form of Ci,
Ci[75], and human GLI both readily bind polytene chromosomes while
full-length Ci and human GLI3 do not.174. Regulation of Cubitus interruptus by a Conserved Domain.
Suzanne L. Ziegenhorn, Jennifer A. Chapin, and Robert A. Holmg-
ren. Department of Biochemistry, Molecular Biology, and Cell
Biology, Northwestern University, Evanston, IL.
The Hedgehog (Hh) signaling pathway is a vital developmental
program that regulates many aspects of patterning in vertebrates and
invertebrates. Much of our understanding of the pathway is derived from
studies in Drosophila. Hh acts on responsive cells through an undefined
transduction mechanism that controls the transcription of specific target
genes via regulation of a cytoplasmic complex of proteins containing,
among others, the zinc finger transcription factor Cubitus interruptus (Ci).
In Drosophila, Hh patterns embryonic epidermis and larval imaginal discs
by regulating Ci on three levels: proteolytic cleavage into a repressor form,
nuclear import, and activation. In this report, we characterize a highly
conserved domain of Drosophila Ci identified by sequence alignment with
the vertebrate homologues, GLI1, GLI2, and GLI3. This domain, which we
term NR for ‘‘N-terminal Regulatory’’, is in the center of the amino half of
the protein. Deletion of this region generates a Ci molecule that is not
properly sequestered in the cytoplasm. The number of conserved potential
phosphorylation sites in this domain is particularly striking, as analysis of
the amino acid sequence of this domain identifies a cluster of 12 perfectly
conserved serines and one tyrosine. We propose that this region may be
modified, possibly by phosphorylation, to regulate Ci in response to Hh
signaling.175. Cis-Regulatory Elements Required for the Transcriptional Con-
trol of the Proneural Gene Amos. Eimear E. Holohan and Andrew P.
Jarman. Division of Biomedical Sciences, University of Edinburgh,
Edinburgh, EH8 9XD, UK.Proneural genes (bHLH transcription factors) are key regulators of
neurogenesis, and to a large extent, the pattern of neurogenesis is
decided by their pattern of expression. In Drosophila, there are several
different proneural genes, namely, the achaete-scute complex, atonal, and
amos. Between them, these genes appear to be responsible for the entire
peripheral nervous system of the fly. The proneural gene amos is
required for sense organ precursors in the olfactory sensilla and a
subset of multiple dendritic neurons. I identified enhancer elements by
cloning fragments based on the sequence upstream of amos into a
transformation vector containing a reporter gene and by assessing the
ability of different fragments to drive reporter gene expression in
transgenic flies in a pattern resembling amos expression in the antennae
and the embryo. In addition, distinct enhancers are responsible for amos
expression in the head and trunk regions of the embryo. Mis-expression
analysis indicated the possibility of the existence of an autoregulatory
component. The presence of E-boxes (binding sites for proneural
proteins) in the upstream region indicated that this autoregulation might
be direct. I identified a putative Amos/Da binding site, mutation of
which led to an overall reduction of reporter gene expression. Verifica-
tion of this sequence as an Amos/Da binding site will provide a point of
reference to investigate how Amos may specifically regulate gene
expression.176. A Novel Binding Site for the Iroquois Family of Transcription
Factors Mediates Transcriptional Control during Drosophila De-
velopment. Aphrodite Bilioni, Mike Mohns, and Helen McNeill.
Cancer Research UK, London Research Institute, London WC2A
3PX, UK.
Iroquois family genes regulate diverse developmental processes in
higher eukaryotes. They code for atypical Homeodomain transcription
factors of the TALE class. In vertebrates, they have been shown to
regulate neurogenesis and heart development. The Drosophila Iroquois
complex consists of three closely related proteins: Mirror, Araucan, and
Caupolican. Fly Iroquois are important for various aspects of embryonic
development and are also involved in patterning the eye and the dorsal
mesothorax. Few putative targets have been identified and little is known
about the DNA-binding specificity of this highly conserved family. To
determine the DNA-binding preference of the Iroquois family members,
we conducted a site-selection experiment and defined a novel consensus
sequence for Mirror that is different than the typical HD consensus motif.
We have shown that other Iroquois can bind the same site and have
performed transgenic reporter assays to confirm the biological relevance
of this site. With the help of this information, we have looked for novel
targets of Mirror during embryonic and eye development and are currently
investigating a series of candidates using microarray screens and reporter
assays.177. Egfr Regulates Cell Affinity in the Drosophila Eye-Antenna
Imaginal Disc, Affecting Wingless Protein Distribution and Ex-
pression of Specification Factors for Eye and Antenna. Jennifer
Curtiss and Marek Mlodzik. Mount Sinai School of Medicine, New
York, NY 10029.
Differences in cell affinity play a critical role in the establishment of
developmental boundaries. The Drosophila eye-antenna disc gives rise to
multiple head structures including the eye, the antenna, and most of the
cuticle and bristles of the head. During larval development, the disc is
partitioned into at least three developmental fields: the eye, antenna, and
headcase fields. Current models suggest that the Drosophila EGF Recep-
tor (Egfr) participates in eye-antenna disc partitioning by regulating
expression of two transcription factors involved in eye and antenna
specification, the Pax-6 homolog Eyeless (Ey/Pax-6) and Distal-less
Abstracts 585(Dll). We find that Egfr affects the shape of Ey/Pax-6 and Dll expression
domains indirectly by mediating differences in cell affinity. The borders
between Egfr+ and Egfr tissue appear smooth, suggesting that the two
tissues try to minimize contact. These borders also affect distribution of
Wingless (Wg) protein, possibly because differences in cell affinity
between Egfr+ and Egfr tissue interfere with Wg protein dispersal.
Wg in turn activates Dll expression in the antenna field and inhibits Ey/
Pax-6 expression in antenna and headcase fields. Thus, Egfr contributes to
eye-antenna disc patterning by regulating cell affinity, affecting morpho-
gen distribution, and ultimately expression of the transcription factors that
control specification.178. The EGR-like Transcription Factor, klumpfuss, Regulates Apo-
ptosis in the Drosophila Retina. Jamie C. Rusconi. University at
Albany-SUNY, Albany, NY 12222.
Programmed cell death or apoptosis plays a central role in the
sculpting and maturation of developing epithelia. In adult tissue, apoptosis
plays a further role in the prevention of malignancy though removal of
damaged cells. Mutations in klumpfuss result in an excess of support cells
during maturation of the developing Drosophila pupal retina. These
ectopic cells are the consequence of a partial and specific failure of
apoptotic death during normal cell fate selection. klumpfuss is required
and differentially expressed in cells that choose the life or death cell fate.
klumpfuss can also drive apoptosis, and it is, in fact, the first molecule
shown to be differentially expressed in cells that choose a life of death
fate. We also provide genetic and biochemical evidence that klumpfuss
regulates this process through downregulation of the Epidermal Growth
Factor Receptor/dRas1 signaling pathway. Based on its sequence, klump-
fuss encodes an EGR-class nuclear factor most similar to the Wilm’s
Tumor Suppressor 1 (WT1), and our results suggest a mechanism by
mutations in WT1 may result in oncogenic events such as pediatric
kidney tumors. In addition, we have recently completed a microarray
analysis comparing wild-type retina to those expressing klumpfuss during
the time of apoptosis and will present our analysis of these new potential
klumpfuss targets.179. The Longitudinal Veins of the Drosophila Wing as Organizers of
Crossvein Development. Amy Ralston and Seth S. Blair. Univ. of
Wisconsin, Madison, WI 53706.
The Drosophila wing contains a system of interconnected longitudinal
veins and crossveins that are important for flight. Wing veins do not
develop by invasion, but differentiate from the wing epithelium in
response to the localized activation of highly conserved signaling path-
ways. The longitudinal veins are first patterned during larval stages by
activation of the epidermal growth factor receptor (Egfr) and the phos-
phorylation of MAP kinase. Later, during pupal stages, vein fates are
reinforced by cell-autonomous feedback between the Egfr and the bone
morphogenetic protein (BMP) signaling pathways. In contrast, the cross-
veins of the Drosophila wing are first patterned during the pupal stage by
BMP signaling and the phosphorylation of the Drosophila Smad Mad. We
find that two BMP ligands are required, and that the BMP ligand Dpp
appears to signal at long-range from the longitudinal veins to help initiate
Mad phosphorylation in the crossveins. Interestingly, although dpp is
expressed within all longitudinal vein cells at this time, Dpp signaling is
limited to a uniquely sensitive region we call the crossvein competent
zone. We will discuss the molecular mechanisms by which the crossvein
competent zone is initiated and maintained during pupal wing develop-
ment, and implications for the regulation of BMP signaling. Our results
suggest that the longitudinal veins organize crossvein development,
thereby ensuring the proper positioning of the crossveins with respect to
the longitudinal veins.180. Positional Specification in the Drosophila Segmentation Hierarchy.
David M. Holloway1 and Alexander V. Spirov2. 1Univ. Brit. Colum-
bia, Vancouver, Canada; 2SUNY, Stony Brook, USA.
Our work is aimed at understanding how gene regulation produces the
high-precision spatial boundaries crucial to many developmental phenom-
ena. Protein concentrations are typically low, in the hundreds to thousands
per nucleus or cell. Statistical expectation is that these concentrations should
consequently have high relative error (noise). Yet spatial boundaries are
drawn with low relative error. We are quantifying protein pattern variability
in early Drosophila segmentation, both between embryos and within
individual embryos. Statistics are done on a databank of several thousand
confocal microscope images of protein expression for the segmentation
genes over a series of times (10–14 cc) during which the protein patterns
responsible for anteroposterior positional specification are developing.
Initial results demonstrate error suppression in the reading of the maternal
signal (Bicoid protein concentration) by downstream genes, implying that
embryonic position is not simply read off local values of the Bicoid gradient.
Expression variability is dynamic over the observed cleavage cycles, and we
see a direct correlation between expression and morphological variability (at
the cephalic furrow). Through stochastic simulation of the segmentation
network, we can explore mechanisms by which error reduction may occur.
Matching mean and variance of experimental results provides an additional
check (compared to deterministic models) that our model network captures
the in vivo kinetics of segmentation, providing insight into the dynamics
responsible for spatial precision in development. (Supported by the joint
NSF/NIGMS BioMath Program, 1-R01-GM072022-01.)181. Caudal Proteins Are Regulators during the Initiation Phase of
Hox Genes. Racheli Ben-Haroush Schyr,1 Cooduvalli S. Shashikant,2
and Abraham Fainsod1. 1Faculty of Medicine, Hebrew University,
Jerusalem 91120, Israel; 2College of Agricultural Sciences, The
Pennsylvania State University, University Park, Pennsylvania 16802.
The Hox genes specify the anterior–posterior axis of the embryo,
relying on their correct spatial and temporal activation. Analysis of the
Hoxc8 gene regulatory region identified a 2-kb genomic region that
recapitulates the initial expression pattern and is termed as the early
enhancer. A smaller (400 bp) fragment can initiate expression in the
mesoderm at the right time, and contains two consensus binding sites for
the CAUDAL homeodomain proteins. Using reporter plasmids of mouse
Hoxc8 origin together with manipulation of the caudal (Xcad2) activity in
Xenopus embryos, we studied its role in Hox regulation. The reporter
plasmids transcription begins at early gastrula at the same time the
endogenous gene becomes active and reaches maximal levels by early
neurula. Xcad2 overexpression revealed a time-dependent activation of
Hoxc8 during early–mid-gastrulation. Loss of Xcad2 function efficiently
blocked the transcription of the reporter plasmids in a dose-dependent
manner. The requirement for Xcad2 is stronger during mid-gastrula and
disappears later on. Chimeric constructs (Xcad2/en and Xcad2/VP16) are
being used to elucidate in what manner Xcad2 achieves hoxc8 activation.
Analysis of the mode of action (direct or indirect) is being studied in
embryos overexpressing Xcad2 and treated with protein synthesis inhibitors
followed by QPCR analysis of the endogenous hoxc8 transcript. These
results provide evidence for the role of the caudal genes as direct early
regulators of Hox expression.182. Protein and mRNA Dynamics in the Zebrafish Somitogenesis
Oscillator. Franc¸ois Giudicelli, Gavin Wright, and Julian Lewis.
Cancer Research UK, London.
The pattern of somites is traced out by a mechanism involving a
biochemical oscillation at the tail end of the embryo. In this region, the
Abstracts586expression of certain genes is periodically turned on and off, with a cycle
time equal to the time taken to form each new somite. All of the genes
known to oscillate in the zebrafish presomitic mesoderm code for proteins
in the Notch pathway and disturbances of this pathway disrupt the pattern
of oscillations. Two linked oscillating genes, her1 and her7, coding for
transcriptional regulators of the hairy/E(spl) family, have been particularly
implicated in the genesis of the oscillations.
Mathematical modelling suggests that oscillations could be generated by
an intracellular mechanism based on the delayed feedback repression of
her1/her7 transcription by Her1/Her7 protein, with cell –cell communica-
tion via Delta-Notch signalling serving to synchronize oscillations in
adjacent cells. In this model, the period of oscillation is chiefly determined
by the transcriptional delay for her1/her7, that is, the time that elapses from
initiation of synthesis of a gene transcript to the emergence of the mature
mRNA molecule into the cytoplasm. The model makes quantitative pre-
dictions about the time-course of synthesis, maturation, and degradation of
her1, her7, and deltaC mRNAs and proteins. The zebrafish presomitic
mesoderm offers opportunities to measure some of these parameters under
physiological conditions. We are attempting to do this using immunohisto-
chemistry and in situ hybridization. This study should provide some of the
essential facts that must form the basis of any account of the somitogenesis
oscillator mechanism.183. Analysis of the Role of Pax-7 during Chick Somite Patterning. S.
R. Knight,1 L. M. Galli,1 C. E. Krull,2 J. M. Venuti,3 and L. W.
Burrus1. 1SF State Univ.; 2Univ. of Michigan; 3Columbia Univ.
We have analyzed the protein expression of Pax-3/7 during chick
somite patterning. In early somites of a Hamburger and Hamilton stage 10
embryo, Pax-3/7 are present throughout the somite. In more mature
somites, the restriction of Pax-3 to the dorsal portion of the somite is
followed by Pax-7. At HH18 and HH22, both are expressed in the
dermomyotome and myotome, but differ in intensity. Pax-3 expression is
more intense than Pax-7 at the dorsomedial and ventrolateral lips of the
dermomyotome, whereas Pax-7 expression is stronger than Pax-3 in the
central dermomyotome and in the myotome. Our lab has shown that Wnt-
3a is sufficient to cause an increase in Pax-3/7 protein expression and an
increase in proliferation in the neural tube and somites (Galli et al., in
press). This suggests a possible role for Pax-3/7 as mediators of Wnt-3a-
induced proliferation. The role of Pax-7 during chick somite patterning is
poorly understood. We hypothesize that Pax-7 plays a positive role in
proliferation. We labeled cells with BrdU to determine if Pax-7-positive
cells are proliferative in the dermomyotome and myotome. We show that
29% of Pax-7-positive cells in the dermomyotome are also positive for
BrdU, suggesting that Pax-7-positive cells are cycling. If Pax-7 is a
mediator of Wnt-3 activity, then ectopic Pax-7 should cause an increase in
proliferation. Surprisingly, ectopic expression of Pax-7 in the neural tube
decreases the percentage of proliferative cells compared to control. This
suggests that Pax-7 alone does not promote proliferation in the neural
tube. We are currently investigating the proliferative activity of Pax-7 in
somites.184. Conditional Regulation of Pax6 Protein Function with a Chemical
Inducer of Dimerization. Henri Bayle,1 Kryn Stankunas,1 Yun-Ming
Lin,3 Thomas J. Wandless,2 and Gerald R. Crabtree1. 1HHMI and
Departments of Pathology and Developmental Biology, Stanford
University, Stanford, CA; 2Department of Molecular Pharmacology,
Stanford University, Stanford, CA; 3Department of Chemistry, Uni-
versity of Toledo, Toledo, OH.
A detailed analysis of a protein’s function during development requires
the ability to control experimentally its activity during discrete develop-
mental windows. We have developed a method to conditionally regulate aspecific protein in mice using gene targeting to make a given protein
sensitive to generic small molecule drugs. The coding sequence for an 89
amino acid tag, FRB*, was fused to the endogenous Pax6 gene. FRB*Pax6
protein is unstable and produces a severe hypomorph phenotype. Addition
of C20-Methallylrapamycin, a non-toxic and cell-permeable derivative of
rapamycin, rapidly stabilizes FRB*Pax6 protein by recruitment of the
abundant and widely expressed FKBP12 protein. This stabilization is
rapidly reversed by competition with a non-toxic derivative of FK506.
Pax6 is a transcription factor critical to the patterning of the embryonic
hindbrain and spinal cord. The caudal neural tube of Pax6FRB*/FRB*
embryos is ventralized, and V1 interneurons in the spinal cord and Lim3-
positive motor neurons of the hindbrain are lost. Stabilization of FRB*Pax6
protein with C20-methallylrapamycin in whole embryo culture rescues the
development of V1 interneurons and Lim3 motor neurons while the
embryos remain partially ventralized. Addition of C20 Methallylrapamycin
and reversal of FRB*Pax6 stabilization with FK506-M are used to define
the developmental windows at which Pax6 activity is required for neuronal
differentiation.185. Hoxb1 Functions in Both Motoneurons and in Tissues of the
Periphery to Establish and Maintain the Proper Neuronal Cir-
cuitry. Benjamin R. Arenkiel,1 Petr Tvrdik,2 Gary O. Gaufo,1 and
Mario R. Capecchi2. 1Dept of Human Genetics, University of Utah
Scool of Medicine; 2Howard Hughes Medical Institute.
Formation of neuronal circuits in the head requires the coordinated
development of neurons within the central nervous system (CNS) and
neural crest-derived peripheral target tissues. Hoxb1, which is expressed
throughout rhombomere 4 (r4), is required for the specification of facial
branchiomotor neuron progenitors that are programmed to innervate the
muscles of facial expression. In this study, we have uncovered additional
roles for Hoxb1-expressing cells in the formation and maintenance of the
VIIth cranial nerve circuitry. By conditionally deleting the Hoxb1 locus in
neural crest, we demonstrate that Hoxb1 is also required in r4-derived
neural crest to facilitate and maintain formation of the VIIth nerve
circuitry. Genetic lineage analysis revealed that a significant population
of r4-derived neural crest is fated to generate glia that myelinates the VIIth
cranial nerve. Neural crest cultures show that the absence of Hoxb1
function does not appear to affect glial progenitor specification, suggesting
that a later glial function is critical for maintenance of the VIIth nerve.
These results suggest that the molecular program governing the develop-
ment and maintenance of the VIIth cranial nerve is dependent upon Hoxb1
both in the neural crest-derived glia and in the facial branchiomotor
neurons. By undertaking a genome-wide expression analysis of r4 tissues
between Hoxb1 mutant embryos and wild-type controls, we have recently
identified potential downstream candidates that may be governing this
circuit-forming process.186. Roles of Six1 in Patterning of Otic and Nasal Primordia. Kiyoshi
Kawakami, Kazuaki Nakamura, Hidenori Ozaki, Shigeru Sato, and
Keiko Ikeda. Division of Biology, Center for Molecular Medicine,
Jichi Med. Sch. 329-0498 Japan.
The inner ear and nasal epithelia are derived from each placode in head
ectoderm. Mice deficient for Six1 homeobox gene show defects in the
formation of inner ear and nasal epithelia. Six1/ mice lack cochlea,
semicircular canals, and vestibule, but have dorsal portion of canal plates
and enlarged endolymphatic sacs and ducts. Expression patterns of many
marker genes were affected, and reduced cell proliferation and enhanced
apoptosis were observed in otic vesicle of Six1/ embryo at E9.5–E10.5.
These suggest that Six1 is responsible for the correct patterning and
regulation of cell proliferation in the otic vesicle (Ozaki et al. Development
131, 551). The nasal epithelium was normally formed until around E11.5 in
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occurred to the lower extent and branching of nasal cavities was greatly
reduced in the Six1/ embryo. The nasal epithelium was thinner
compared with the wild type and was not differentiated into neural cells
as judged by OMP production. Expression patterns of some marker genes in
the nasal epithelium were altered, suggesting a similar role of Six1 in the
patterning of nasal epithelium to that in the otic vesicle. Expansion of
expression domain of Dlx5 and Dach1 is one of the common features in otic
and nasal placode. In contrast, expression of Eya1 was disappeared in the
nasal primordia while it is unchanged in otic vesicle in Six1/ embryo.
Thus, the regulatory roles of Six1 in gene expression patterns are distinct in
ear and nasal primordia.187. Importance of Sonic Hedgehog in the Morphogenetic Activity of
the Zona Limitans Intrathalamica. Claudia Vieira and Salvador
Martinez. Neuroscience Institute, University Miguel Hernandez, Ali-
cante, Spain.
The diencephalon is a cerebral region that develops from the prosen-
cephalon (forebrain). With development, the diencephalic territory is
subsequently subdivided into three segments: prosomeres 1–3, from caudal
to rostral. The alar plate of the first diencephalic prosomere contains the
presumptive pretectal region. Rostrally, this prosomere is separated from p2
by the p1/p2 limit. Prosomere 2 lies between this limit and the zona limitans
intrathalamica (ZLI). The ZLI is thus a central boundary in the dienceph-
alon that appears as a transversal ventricular ridge at neural tube stages,
corresponding to a surface constriction that separates prosomere 2 (dorsal
thalamus) from prosomere 3 (ventral thalamus). This intrathalamic limit
appears early on in neural tube development, and the molecular pattern that
it reveals suggests an important role in the diencephalic histogenesis as a
secondary morphogenetic organizer. In the present study, we try to
demonstrate that sonic hedgehog is a molecule responsible for the mor-
phogenetic activity of the ZLI. When we ectopically express Shh in
different areas of the neural tube of the chicken embryo, we are able to
induce ectopically the expression of genes that shows expression domains
suggesting to be activated by ZLI during development. By the analysis of
long-survival experimental embryos, we observed that the ectopic induction
of genes by Shh is correlated to the development of ectopic structures in
substitution of the normal histological pattern. Experiments are now in
progress to explore the effects of silencing Shh by RNAi that will add
important complementary information.188. Patterning the Striatum in the Mammalian Forebrain: Genetic
Control by Retinoid Receptors. Fu-Chin Liu,1 Wen-Lin Liao,1 and
Pierre Chambon2. 1Institute of Neuroscience, National Yang-Ming
University, Taipei 112, Taiwan; 2IGBMC, Universite Louis Pasteur,
France.
The mammalian striatum is organized into a neurochemical mosaic that
is made up of two neuronal compartments, striosomes (or patches) and
matrix. An essential question for striatal compartments is how the com-
partmentalized organization is established during development. Retinoic
acid receptor-h (RARh) is preferentially expressed in the striatum during
development. We report in the present study that striatal compartmentation
is altered in the RARh null mutant mice. One of the neurochemical
molecules that are preferentially expressed in the striosomal compartment
is A-opioid receptor (MOR1). The striosomal pattern of MOR1 immuno-
reactivity was dramatically changed in the adult striatum of RARh null
mutant mice. The numbers and the immunostaining intensity of MOR1-rich
striosomes were significantly reduced in the mutant striatum. Notably, the
reduction of striatal MOR1 immunoreactivity was more prominent at the
rostral than the middle and caudal levels. In parallel to the reduction of
MOR1-positive striosomes, the calbindin-rich matrix compartment was alsoaltered in the mutant striatum, that is, instead of the mosaic pattern of
calbindin expression, the calbindin immunostaining appeared homoge-
neously in the rostral part of mutant striatum. Given that retinoid receptors
are ligand-dependent transcriptional regulators, our study suggests that the
retinoid signaling mediated through RARh may regulate the genetic
program underlying the pattern formation in the striatum. (Supported by
NHRI-EX93-9010NL and NSC92-2311-B010-002, Taiwan.)189. Retinoic Acid Establishes Posterior Hindbrain Identities through a
Combination of Activation and Indirect Repression of Rhombo-
mere-Specific Genes. Rafael E. Hernandez, Holly A. Rikhof, and
Cecilia B. Moens. HHMI and Div. of Basic Sciences, FHCRC, Seattle,
WA 98109.
The vertebrate hindbrain is transiently divided along the anterior–
posterior axis into seven morphologically and molecularly distinct seg-
ments, or rhombomeres, that correspond to hox expression domains. The
establishment of a ‘hox code’ is required for the development of unique
rhombomere identities including specification of neuronal fates. We are
interested in understanding the genetic hierarchy leading to the segment-
restricted expression of Hox genes during vertebrate development. valen-
tino (val)/mafB/kreisler encodes a bZip transcription factor required for
expression of hox group 3 genes in rhombomeres (r)5 and r6. The
expression of val depends on retinoic acid (RA) signals from paraxial
mesoderm, Fibroblast growth factor (Fgf) signals from r4, and variant
hepatocyte nuclear factor 1 (vhnf1), a homeodomain transcription factor
expressed posterior to the r4–5 boundary. We investigated the interactions
between these inputs onto val expression in the developing zebrafish
hindbrain. We show that RA induces val expression via activation of vhnf1
expression. Fgf signals from r4 cooperate with Vhnf1 to activate val
expression. While RA is required for vhnf1 and thus val expression, it also
limits the domain in which Vhnf1 activates val by antagonizing Fgf
signaling posterior to the r6/7 boundary. This suggests a model where
RA activates nested domains of gene expression along the hindbrain A–P
axis, and repression of expression or function of more anterior genes by the
next more posterior gene results in the segment-restricted deployment of
downstream Hox genes.190. Hedgehog Patterning of the Anterior Neurocranium. Johann
Eberhart. University of Oregon.
The vertebrate neurocranium is an assembly of bones essential for the
support and protection of the brain. We are using the zebrafish as a model to
understand the molecular mechanisms involved in neurocranial morpho-
genesis. The neurocranium of the zebrafish is composed of several distinct
cartilage-replacement bones, and mutations in Hedgehog (Hh) effector
proteins cause defects in the cartilage of the anterior neurocranium. We
have tested whether these defects are due to loss of Hh signaling by
examining sonic hedgehog (shh) mutants. A hypomorphic shh allele has
defects resembling those of Hh effector mutants, while shh deletion and
smoothened (smu) mutants, lacking all Hh signaling, have more severe
depletion of head cartilage. We have fate mapped the neural crest that
populates the anterior neurocranium at 12 and 24 hpf. Using this fate map,
we have analyzed the distribution of neurocranial precursors in wild-type
(WT) and smu backgrounds using sox9a as a marker. This analysis suggests
that loss of Hh signaling causes early defects in the ability of precursors to
populate the anterior neurocranium. We are currently verifying and extend-
ing this analysis using time lapse confocal microscopy. The ventral
presumptive brain is a strong Hh source and transplants of WT neural tube
can rescue the defect seen in shh deletion mutants. The ventral presumptive
brain does not seem to be signaling directly to anterior neurocranial
precursors, however, for transplanted smu cells will populate the anterior
neurocranium of WT hosts. We are investigating the hypothesis that
Abstracts588forebrain Hh signaling to some unknown target sets up a permissive
environment for skeletogenesis by crest-derived cells.191. Combinatorial Gene Function in the Embryonic Zebrafish Hind-
brain. Elizabeth Wiellette and Hazel Sive. Whitehead Institute for
Biomedical Research, Cambridge, MA 02142.
Throughout development, genes are reused; individual genes are
expressed at different times and places, and are required for the develop-
ment of diverse tissues. In many cases, genes act in a context-dependent
manner, modulated by available cofactors. In the embryonic zebrafish
hindbrain, we have shown that cells in the posterior hindbrain acquire
unique anterior –posterior (A–P) identity when they both express the
homeodomain transcription factor vhnf1 and are exposed to fibroblast
growth factor (FGF) signals (Wiellette and Sive, 2003, Development 130,
3821). Each of these factors alone is required for the formation of other
tissues, but together they regulate a distinct set of genes that specify
rhombomeres 5 + 6. To further characterize the synergy between Vhnf1
and FGF signals, we are employing ectodermal explants to analyze the
tissue identity induced by these two factors. Using this assay, we are asking
whether neural identity is induced along with A–P position, whether the
FGF signaling pathway directly modifies Vhnf1 function, and whether
these factors directly regulate known target genes or rely on intermediate
gene regulation. Additional genes regulated by vhnf1 + FGF synergy are
being identified by expression profiling.192. Zebrafish T-box Genes and Floor Plate Formation. Tina M. Han,
Xiao Xu, Janine Leigh, and Sharon L. Amacher. Univ. of California,
Berkeley, CA 94720.
In zebrafish, the prechordal plate (pcp) is the earliest involuting
mesoderm and is important in patterning the ventral neural tube. Mutants
in Nodal signaling, which often have disrupted pcp formation, have a
corresponding delay in or loss of medial floor plate development. Zebrafish
mutants for two T-box factors, spadetail (spt) and the Brachyury homolog,
no tail (ntl), completely lack the posterior mesoderm. In contrast to single
mutants, double mutants also have floor plate defects; anterior floor plate
seems to form normally, but the posterior floor plate is absent. To examine
the role pcp plays in posterior floor plate development, we are character-
izing pcp patterning in spt; ntl double mutants using expression analysis.
In general, we find that anterior pcp, as marked by hatching gland 1 and
anterior cyclops expression, appears normal, but that posterior pcp, as
marked by hlx1 and posterior cyclops expression, is disrupted. Using
microarray analysis, we are identifying interesting candidate transcripts
through which the combination of spt and ntl may act to influence floor
plate development. To date, we have found that squint/ndr1/znr2, which
encodes a Nodal-related ligand, is consistently upregulated in spt-over-
expressing and ntl-overexpressing embryos. We are currently examining
whether overexpression of Nodal genes may rescue floor plate development
in spt;ntl double mutants.193. Restricted Expression of XVAX2 in Adult Eye and Brain of
Xenopus laevis. Mingnan Liu,1 Yang Liu,1 Ying Liu,1 Giuseppe
Lupo,2 Giuseppina Barsacchi,3 and Rongqiap He1. 1Institute of
Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2University of Cambridge, Cambridge, UK; 3University of Pisa, Italy.
As a homeobox gene, Xvax2 was proved to play an important role in
the dorso-ventral patterning of eye development in Xenopus (Andreazzoli
et al., 1999; Liu et al., 2001). To further investigate the functions of Xvax2
in adult, we prepared a specific polyclonal antibody against XVAX2 (Liuet al., 2003), and extensively analyzed the expression of Xvax2 in eye and
brain during the late embryonic stages and adult by immunohistochemistry
and in situ hybridization. In general, XVAX2 was detected in the ventral
parts of olfactory placode, optic vesicle, and forebrain at tailbud and
tadpole stages, consistent with the distribution of Xvax2 transcripts. At
late embryonic stage (st.46), XVAX2 was expressed in the ganglion cells,
bipolar cells, and photoreceptors; while in adult retina, it could be only be
detected in ganglion cells. In adult brain, Xvax2 was expressed in some
restricted regions of telencephalon and diencephalon, especially strong in
ventricular layer of the lateral ventricles, optic chiasma, and optic tract. In
addition, the XVAX2 signal was indicated to be restricted in the nuclei,
which was consistent with the presumed functions of XVax2 as a
transcription factor. The presence of XVAX2 in adult brain and retina
implied it might be involved in maintaining the function of those
structures in adult besides its pivotal role in eye formation during early
development.
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Apoptotic Activity of msx1 is Required for the Proper Develop-
ment of Xenopus Neural Crest. Celeste Trı´bulo,1 Manuel J. Aybar,1,2
Sara S. Sa´nchez,1 and Roberto Mayor2,3. 1Dept. of Developmental
Biology, INSIBIO (CONICET-University of Tucuma´n), Argentina;
2MNDB-ICM, Faculty of Sciences, University of Chile, Chile; 3Dept.
of Anatomy and Developmental Biology, UCL, UK.
Apoptosis is an important cellular process in all animals and is used
during development to sculpt tissues and organs. It has been shown that
apoptosis plays an important role in neural crest patterning. Our
previous results in Xenopus confirmed that apoptosis is localized within
the neural crest and that during neural crest development BMP4 and
msx1 promote apoptosis while Slug acts as an anti-apoptotic gene. In the
present work, we compared the patterns of TUNEL staining with the
expression of msx1 and Slug, both expressed in the neural folds. We
show that in the neural fold region where Slug is expressed, cells
undergo less apoptosis than those cells in the region where msx1 is
expressed. To analyze whether apoptosis in the neural crest was
activated by a cell autonomous program, we performed grafting experi-
ments. Our results suggest that signals in the cephalic neural crest are
sufficient to maintain a high level of apoptosis. Finally, we analyzed
whether Slug and msx1 were able to modify neural crest derivatives. We
found that overexpression of Slug or msx1 affects the size of neural
crest cartilage derivatives in a similar way to the effects produced when
Bcl2 or Bax was experimentally modified. We suggest that the balance
of anti-apoptotic and apoptotic factors serves to correctly define the
number of neural crest cells and to control the correct size of its
derivatives.195. Tbx1 is Required for Proper Neural Crest Migration and to
Stabilize Spatial Patterns during Middle and Inner Ear Develop-
ment. Filipa P. Moraes,1 Ana C. No´voa,1 Loydie A. Jerome-Majew-
skak,2 Virginia E. Papaioannou,2 and Moise´s M. Mallo1. 1Instituto
Gulbenkian de Cieˆncia, Oeiras, Portugal; 2Department of Genetics
and Development, College of Physicians and Surgeons of Columbia
University, New York, NY.
Tbx1 belongs to the T-box-containing family of transcription factors. In
humans, TBX1 is implicated in the etiology of DiGeorge syndrome.
Inactivation of the Tbx1 gene in mice produces a variety of malformations
Abstracts 589including cardiac outflow tract anomalies, deficiencies in the branchial arch
derivatives, agenesis of pharyngeal glands, and abnormal development of
the auditory system. We analyze here the middle and inner ear phenotypes of
the Tbx1 null mice. The middle ear is strongly affected. Its skeletal
components are malformed to varying degrees, some being slightly hypo-
plastic and others completely absent. Middle ear anomalies are associated
with other skeletal deficiencies in the branchial arch-derived skeleton. These
phenotypes derive from a combination of the failure of the posterior bran-
chial arches to develop and the misrouting of neural crest cells. The inner
ears of Tbx1/ animals are hypoplastic. No vestibular or cochlear struct-
ures are detected but the endolymphatic duct, the cochleovestibular ganglia,
and residual sensory patches are still identifiable. Molecular analyses
indicate that Tbx1 is not required for the establishment of spatial patterns
in the otocyst, but rather for their maintenance. The inability of Tbx1/
embryos to keep properly segregated functional domains in the otocyst is
likely the cause of the strong inner ear phenotypes observed in these
mutants.196. Characterization of the Chick Sulfatase-1 as a New Marker of
Oligodendrocyte Progenitors and Putative Modulator of Shh
Signaling in the Embryonic Spinal Cord. Cathy Soula,1 Cathy
Danesin,1 Eric Agius,1 Nathalie Escalas,1 Xingbin Ai,2 Charles
Emerson,2 and Philippe Cochard1. 1Centre de Biologie du Developpe-
ment, Toulouse, FRANCE; 2Boston Biomedical Research Institute,
Watertown, MA 02472.
In the chick spinal cord, oligodendrocyte progenitors (OLPs) arise
from Nkx2.2-expressing ventral neuroepithelial cells under the control of
Sonic hedgehog (SHH). We have recently developed a subtractive
approach to identify genes involved in OLP specification. Screening of
the subtractive library has allowed us to identify a novel marker of
OLPs. This gene, called C-Sulf1, belongs to a new family of secreted
sulfatases that function as modulators of the sulfation state of heparan
sulfate proteoglycans (HSPG). C-Sulf1 expression in the ventral neuro-
epithelium is perfectly correlated with OLP specification. Interestingly,
this event is also correlated with a strong accumulation of the SHH
protein at the apical surface of Nkx2.2-expressing neuroepithelial cells,
suggesting that when neuroepithelial cells switch to an OLP fate, they
are submitted to a higher activity of SHH. In support of this hypothesis,
we have shown that overexpression of SHH in the early neural tube
induces a premature OLP specification. Moreover, we show that neuro-
epithelial cells overexpressing C-Sulf1 strongly accumulate SHH at their
surface. Altogether, our results suggest that C-Sulf1, by modulating the
sulfation state of HSPG, may be responsible for the accumulation of
SHH at the surface of Nkx2.2-expressing cells triggering them towards
an oligodendrocyte fate.197. Characterization of a Transcriptional Repressor Complex in Male
Sensory Ray Patterning of C. elegans. S. W. Choy and K. L. Chow.
Dept. of Biology, Hong Kong Univ. of Sci. and Tech., Clear Water
Bay, Kowloon, Hong Kong.
The male tail of C. elegans is composed of nine pairs of sensory
rays embedded in a cuticular fan. Among the regulatory genes that
pattern these structures, mab-21 is required for the specification of the
ray 6 identity. mab-21 acts downstream of the BMP pathway. Previ-
ously, a histone deacetylase-associated molecule, SIN-3, has been
isolated in a yeast two-hybrid screen as an interacting partner of
MAB-21. sin-3 was found to be biologically important in ray develop-
ment as illustrated in: (1) mab-21 mutant rescue activity via expression
of mab-21 by sin-3 promoter, (2) induction of ray phenotypes by the
blocking of sin-3, (3) overlapping expression profiles of sin-3 and mab-
21 in ray structural cells. Furthermore, worm treated with a histonedeacetylase inhibitor displayed a plethora of ray phenotypes, indicating
that histone deacetylase and SIN-3 complexing with MAB-21 are critical
for determining ray cells identity. Yeast two-hybrid system has been
employed to dissect this C. elegans corepressor complex. Our results
suggest that there is a link between the BMP signaling pathway and this
transcriptional repressor in ray patterning. Moreover, novel SIN-3-asso-
ciated corepressor components have been identified. Among several
positive clones screened, some appeared to be required for ray pattern-
ing and displayed a mab-21 specific ray 4,6 fusion phenotype in RNAi
experiments. The role of these genes in ray cell identity will be further
characterized.198. Mutational Analysis of cis-Acting Regulatory Elements Control-
ling Transcription of Dlx Genes. Luc Poitras,1 Gary Hatch,2 and
Marc Ekker2. 1Ottawa Health Research Institute; 2Department of
Cellular and Molecular Medicine, University of Ottawa.
The homeobox genes of the Dlx (Distal-less) family play an
important role for the proper differentiation and migration of neurons
that will populate various regions of the forebrain. These genes are
organized as bigene clusters (Dlx1/2 and Dlx 5/6) in an inverted and
convergent configuration. At least four cis-acting regulatory elements are
involved in Dlx gene regulation in the forebrain. Three of these
enhancers, I12b, I56I, and ii, are in the intergenic region of a bigene
cluster and one, URE2, in the promoter region of Dlx1. As a first step in
the identification of proteins binding to these enhancers, DNAse I
footprint analysis was performed using nuclear proteins extract from
the brain of E13.5 mouse embryos. Six protected regions corresponding
to putative transcription factor (TF) binding sites were mapped on
enhancers I12b and five have been found so far in URE2. These binding
sites were mutagenized and inserted into lacZ reporter constructs for
mouse transgenesis. Mutagenesis of the I12b enhancer revealed two
highly conserved homeobox-containing TF binding sites that are required
for proper expression in the anterior part of the telencephalon. Combi-
nation of both mutations totally abolishes expression in both the
telencephalon and diencephalon. The characterization of these cis-acting
elements will help us to identify the genetics cascades implicated in the
transcriptional regulation of the Dlx gene family in the forebrain.
(Supported by CIHR MOP14460.)199. Role of Mab21l2 in Vertebrate Development. G. T. C. Lau, W. H.
Tsang, Y. W. Lee, and K. L. Chow. Hong Kong Univ. of Sci. and Tech.,
Hong Kong.
mab-21 in C. elegans is essential for the specification of sensory ray 6
identity as well as gastrulation in early embryos. In different vertebrates,
the expression patterns of mab-21 homologs are highly conserved. By
RNA in situ hybridization on mouse, chick, Xenopus, and zebrafish
embryos at different developmental stages, we have implicated the in-
volvement of mab-21 homologues in early development and subsequent
differentiation of nervous tissues and mesenchymal tissues. In mouse
embryonic neural tube, Mab21l2 is highly expressed in the mantle layer
but not the ventricular zone where the neural progenitor cells are located,
suggesting the involvement of Mab21l2 in early neural differentiation
event(s). From later developmental stages to adulthood, Mab21l2 is highly
expressed in the brain, especially in Purkinjie cells and granular cell layer
of the cerebellum. It suggests the potential role of Mab21l2 in late neural
differentiation and maintenance. Consistent to this idea, RT-PCR and
Northern blot analyses revealed that Mab21l2 is upregulated in P19 cells
during neural differentiation and is preferentially expressed in neural cell
lines. While epistasis analysis in worm reveals a regulatory relationship
between bmp and mab-21, we have also reported the modulated translo-
cation of MAB21L2 protein into the nucleus in mammalian cells by two
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relationship is also conserved. To identify potential genes involved in this
BMP regulatory pathway. The gene expression profile of P19 cells over-
expressing Mab21l2 and cells with this gene knocked down will be
analyzed.200. qBrn-1, a Novel POU III Gene, Expressed in Developing Quail
Embryo. Lei Lan, Yang Liu, Ying Liu, Wei Liu, Wei Zhang, Jinxiao
Xue, Rongqiao He, and Zhigang Xue. Institute of Biophysics, Chinese
Academy of Sciences, Beijing 100101, China.
POU-domain genes constitute a family of homeo-box genes that
encode a class of transcription factors and have prominent roles in neural
development (Ryan and Rosenfeld, 1997, Genes Dev.). A cDNA encod-
ing a new member of the POU III class named qBrn-1 was isolated from
a cDNA library of embryonic day 5 quail embryos. The partial cDNA
sequence comprises an open reading frame encoding a protein of 260
amino acid residues. The amino acid sequence of qBrn-1 POU domain is
completely the same as that of other three reported Brn-1 genes in POU
III family, namely, HBRN-1, rBrn-1, and mBrn-1. But interestingly, the
N-terminus of QBrn-1 is much shorter than the others and is lacking
repetitions of glycine, alanine, and proline, which are conserved in these
three genes. It suggests that qBrn-1 plays the putative function(s) other
than that possessed by above factors. We analyzed the expression pattern
of qBrn-1 by whole mount in situ hybridization and showed that it was
widely expressed in the developing central nervous system and exhibited
a dynamic distribution in embryos. Specifically, its transcripts presented
initially in the anterior margin of neural plate, and later, in the
widespread regions of the developing nervous system, including optic
vesicle. The strength of signals varied in different regions and different
stages from 5 to 25 according to Hamburger and Hamilton (J. of
Morphology, Vol. 88, No. 1, 1951). Moreover, qBrn-1 expression was
detected in neural crest, auditory pit, spinal ganglions, and visceral
arches. Consequently, qBrn-1 may be involved in the neurogenesis and
in the morphogenesis of ear and eye.201. Domain Requirements for Gli3 –Hoxd Protein Interaction to
Reverse Gli3-Repressor Function and Promote Digit Formation.
Maria F. D’Souza,1 Yuting Chen,2 and Susan Mackem2. 1HHMI-NIH
Research Scholar; 2NCI, NIH, Bethesda, MD 20892.
Sonic Hedgehog (SHH) regulates both digit number and identity
largely by preventing cleavage of Gli3 into a repressor form that shuts
off SHH target genes. How different levels of SHH regulate digit
identity remains unclear. Several 5V Hoxd members function downstream
of SHH/Gli3 to regulate digit pattern and act in an additive, semi-
redundant manner, through as yet unknown targets. We have previously
shown that Hoxd12 and Gli3 interact physically as well as genetically in
the limb bud, and that several other 5VHoxd proteins also interact
physically with Gli3 in vitro. Transfection assays reveal that this
interaction converts truncated Gli3 repressor into an activator of SHH
target promoters in a stoichiometric fashion. We propose that the varying
ratio of [Gli3]: [total Hoxd protein] across the limb bud differentially
activates SHH targets to determine digit pattern, providing a mechanistic
basis for the incremental, additive effects of Hoxd gene dosage. We are
currently using several approaches to delineate the specificity and
selectivity of Gli- and Hox-protein family members involved in this
interaction and to define the exact domain requirements for interaction,
which occurs between the N-terminal third of Gli3 and the C-terminal
homeodomain-containing region of Hoxd proteins. Understanding the
exact domain requirements for interaction will enable us to engineer
specific mutants with altered binding affinities to further study the in
vivo functions of this interaction.202. Hand2 and Twist1 Interact Antagonistically in the Vertebrate
Limb. Ed Laufer,1 Beth Firulli,2 Dayana Krawchuk,1 Victoria Cen-
tonze,3 David Virshup,4 Simon Conway,2 Peter Cserjesi,5 and
Anthony Firulli2. 1Columbia University, NY; 2Indiana Medical
School; 3University of Texas, San Antonio; 4Univ. of Utah; 5Louisi-
ana St. Univ.
Interactions among basic helix-loop-helix (bHLH) transcription factors
in vertebrate limb development are poorly defined. Twist1 and Hand2,
members of the Twist bHLH family, have dynamic, overlapping expression
patterns in the limb. Loss-of-function Twist1 mutations in mice and in
humans with Saethre-Chotzen syndrome (SCS) cause craniosynostosis,
polydactyly, syndactyly, brachydactyly, and other limb defects. We find
that Hand2 overexpression phenocopies multiple Twist1 loss of function
limb phenotypes, suggesting that Twist1 and Hand2 interact antagonisti-
cally. To test this, we overexpressed Twist1 in combination with Hand2 in
the developing chick limb and found a significant decrease in the severity of
digit duplications when compared with overexpression of Hand2 alone.
Conversely, while 35% of Twist1 heterozygous null mice have hindlimb
digit duplications, no Twist1+/ Hand2+/ animals exhibit this phenotype.
Twist1 and Hand2 thus genetically interact in a dose-dependent manner. We
also find that a PKA/PKC phosphorylation and PP2A:B56y dephosphory-
lation circuit can modify conserved helix I residues in Twist1 and Hand2,
that their phosphophorylation state alters dimerization partner choice, and
that multiple SCS mutations affect phosphorylation of these critical
residues. These data support a novel mechanism whereby both phosphor-
ylation and relative expression levels of Twist1 and Hand2 regulate
dimerization partner choice, that when disrupted leads to developmental
defects.203. Limb and Mandible Cultures Both Demonstrate that the Prx1
Homeobox Gene Isoforms Have Antagonistic Roles during Chon-
drogenesis. Jonathan M. Mitchell, Richard E. Peterson, and Michael
J. Kern. Medical University of South Carolina, Charleston, SC.
Craniofacial and limb mesenchymes are derived from different
precursor cell populations, neuroectoderm and lateral plate mesoderm,
respectively. The paired-related homeobox gene Prx1 is expressed in
craniofacial and limb mesenchyme. Prx1-/- neonates exhibit malforma-
tions as well as loss of cartilage and bone in these regions. The Prx1
gene encodes two proteins (Prx1a and Prx1b) via alternative splicing,
which are differentially expressed during chondrogenesis. Immunoblot-
ting of chick limbs, mandibles, and micromass (MM) cultures demon-
strates that only Prx1a is expressed at early stages, then both are
expressed at approximately the same levels, and finally Prx1b predom-
inates. The function of the Prx1 isoforms was examined using mandible
and limb MM cultures. Various Prx1-expressing plasmids were electro-
porated into mesenchymal cells isolated from avian mandibles or limbs.
Prx1a and Prx1b have antagonistic effects on chondrogenesis in MM
cultures. The number of prechondrogenic condensations and cartilage
nodules increases in Prx1a cultures, while there is a decrease in Prx1b
cultures. Prx1a cultures have higher levels of proliferation compared to
control as measured by MTT assay and flow cytometry. Conversely,
Prx1b is associated with decreased levels of proliferation and higher
levels of apoptosis as detected by TUNEL assay. Our data demonstrate
that Prx1a and Prx1b have antagonistic functions during chondrogenesis.
Despite the different origins of the limb and mandible mesenchyme,
Prx1a is pro-chondrogenic and Prx1b is anti-chondrogenic in both
tissues.204. Effects of Ethanol on Craniofacial Development of Zebrafish
Embryos. Chiu Wai Kwok and Shuk Han Cheng. City University
of Hong Kong, Hong Kong.
Abstracts 591Holoprosencephaly (HPE) is defined as undivided forebrain. Mutations
of sonic hedgehog (SHH) were reported to be capable of inducing HPE.
Exposure of vertebrate embryos to ethanol was also discovered to result in
cyclopia, one of the phenotypes of HPE. To estimate the role of ethanol in
HPE, 2.4% ethanol served as an inducing agent of cyclopia in zebrafish
embryos. While comparing with the control groups, only half of the
ethanol-treated zebrafish embryos grew normally. For the 24-hpf-old
ethanol-treated embryos, 18.30% and 25.11% were scored craniofacial
malformations and type A cyclopia, which refers to a mild fusion of the
two eyes, respectively, indicating that ethanol effectively disturbed normal
craniofacial development, especially the midline development of eye field.
On the 5 dpf, other deformities like reduction of eye size, narrowing of eye
distance, type B, and type C cyclopia were dominating, indicating a shift of
influence targets of ethanol. Type B cyclopia is more severe than type A as
the two eyes move closer together. In type C cyclopia, only one single eye
is present. Ethanol exposure was also observed to result in a decreased shh
expression level in telencephalon and hypothalamus in zebrafish embryos
experiencing cyclopia, revealing that there might be some relationship
between induction of cyclopia and the declined level of shh. Shh is a gene
regulating midline patterning in embryogenesis. Destruction of SHH
protein or inadequate amount of Shh may lead to deregulation of midline
patterning and cyclopia or HPE. Thus, it is deduced that a decrease level of
Shh expression causes cyclopia.205. Transcription of Myogenic Regulatory Factors in the Non-Con-
tractile Electrogenic Cells of the Electric Fish S. macrurus. Jung A.
Kim, Heriberto Cuellar, and Graciela A. Unguez. NMSU, Las Cruces,
NM 88003.
Members of the MyoD family of basic helix-loop-helix (bHLH)
myogenic regulatory factors (MRFs) play a key role as transcriptional
activators of skeletal muscle gene expression and inducing the full
myogenic program. The expression of these factors after muscle differ-
entiation is complete and the mechanism by which they modulate (or
maintain) the muscle phenotype is less well understood. The myogeni-
cally derived electric organ (EO) of the electric fish S. macrurus is an
excellent model to address this question. The electrogenic cells of the
EO do not have sarcomeric myosin but do retain some muscle proteins
like desmin. We previously examined the expression of MyoD and
myogenin in S. macrurus, including their cloning and transcription in
EO. Here, we report a partial Myf5 cDNA from S. macrurus that
includes a 471-bp cDNA fragment generated by PCR-coupled 3V-RACE.
Alignment of its predicted protein sequence with mouse revealed high
sequence conservation in the HLH and C-terminal helix III domains.
RT-PCR studies confirmed that Myf-5 expression is confined to the
myogenic lineage. We have also isolated desmin and two myosin heavy
chain cDNAs from an EO cDNA library. The transcription of desmin
and MHC in skeletal muscle and EO was verified by RT-PCR. Together,
these data indicate that expression of multiple MRFs is not sufficient to
induce non-contractile cells of the myogenic lineage to fully express the
skeletal muscle program. These data also suggest that the transcriptional
program in EO may be distinct from MRF-dependent myogenesis in
other vertebrate systems. (Support: NIH RR16480-01 and NIH S06-
GMO8136-27).206. Withdrawn207. The Drosophila melanogaster Tbx20 Genes midline and H15 Are
Required for Heart Development. Rick J. Scavetta, Cindy M.
Mickolczi-McCallum, Pia C. Svendsen, Kelly H. Soanes, and William
J. Brook. University of Calgary, Calgary AB, Canada, T2N 4N1.The specification and diversification of cardiac mesoderm require the
activity of several transcription factors that are conserved in a wide variety
of species including Drosophila melanogaster and many vertebrates.
Indeed, the characterization of mutations affecting Drosophila heart devel-
opment has lead to the identification of many genes required for vertebrate
heart development. Members of the Tbx20 class of T-box transcription
factors, first identified in Drosophila, are expressed in the hearts of all
vertebrate model organisms. Knock-down of H15-related-T, a zebrafish
Tbx20 homologue, causes arrested heart development. Xenopus TBX20 has
also been shown to interact with NKX2.5 and GATA4, two key transcrip-
tion factors regulating cardiac mesoderm specification. We present here the
genetic analysis of midline and H15, two Tbx20 homologues expressed in
the contractile cardioblasts of the Drosophila heart. The expression of H15
and midline coincides with the initial specification of cardioblast progen-
itors and depends on tinman (Nkx2.5), Wg signaling, and Notch-mediated
lateral inhibition. Deletion of both midline and H15 results in aberrant heart
morphogenesis, indicating that the two genes are essential for heart
development. Normal numbers of cardiac cells are formed in embryos
mutant for midline and H15. However, ectopic expression of midline in
mesoderm alters the expression of cardiac and visceral mesoderm markers,
suggesting that H15 and midline may play a redundant role in the
specification of cardiac mesoderm.208. Role of Myt1 for Endocrine Differentiation and Function. Guo-
qiang Gu and Yanwen Xu. Vanderbilt Medical Center, Nashville, TN
37232.
The endocrine islets of Langerhans are clusters of four types of
endocrine cells that secrete peptide hormones into the blood stream to
regulate lipid and glucose metabolism. Malfunction of the endocrine
pancreas results in diabetes, a metabolic disease that inflicts over 6% of
the population in developed countries. To understand the mechanisms
underling diabetes development, our lab studies the genes that are
required for endocrine islet develop. By an irreversible cell marking
approach, we have demonstrated that cells that express a transcription
factor, Ngn3, will give rise to the endocrine islet. To elucidate the gene
networks that control pancreas development, we have marked and sorted
the cells that express Ngn3. Microarray-based analysis has identified
several candidate genes that are exclusively expressed in the endocrine
progenitors. We investigated the involvement of one of the candidate
genes, myelin transcription factor 1 (Myt1), in islet development in
chicken embryos and in transgenic mice. Our preliminary findings
suggested that Myt1 is both necessary and sufficient to induce islet
differentiation from gut cells in early embryogenesis. In addition,
siRNA-based knockdown experiments suggested that Myt1 function is
also required for insulin expression maintenance. We are currently
generating Myt1 knockout mice to further define Myt1 function in
endocrine development.209. Siamois and Twin Are Redundant Genes Required for Wnt-
Induced Transcription and Formation of the Spemann Organizer.
Daniel S. Kessler1 and Sangwoo Bae2. 1Dept. of Cell and Develop-
mental Biology, Univ. of Pennsylvania, Philadelphia, PA 19104;
2Korea Cancer Center Hospital, Seoul, Korea.
In Xenopus, maternal Wnt signals induce formation of the Spemann
organizer and genes expressed by the organizer influence cell fate and
axis formation. Previous work has shown that Siamois, a paired-type
homeodomain protein, is induced by maternal Wnt signals and coordi-
nately activates organizer-specific gene transcription. Inhibition of Sia-
mois function using an Engrailed–Siamois fusion protein results is a
complete block to organizer formation and a loss of nearly all organizer
gene transcription. The identification of Twin, a homeobox gene closely
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1997), suggested that Siamois and Twin may cooperate or act redun-
dantly in organizer formation. In vitro and in vivo studies show that
Siamois and Twin form homo- and hetero-dimers that have identical axis
induction, transactivation, and DNA-binding function. Morpholino
knockdown of Siamois or Twin individually had no effect on organizer
formation or axial development. Simultaneous knockdown of both
proteins completely inhibited organizer formation, organizer gene expres-
sion, and axial development, consistent with the ability of Engrailed–
Siamois to inhibit both Siamois and Twin function. In addition, Xwnt8
induction of ectopic axis formation was inhibited by knockdown of both
Siamois and Twin, but not by single knockdowns. The results demon-
strate that Siamois and Twin are redundant genes required for the
transcriptional response to maternal Wnt signals and the formation of
the Spemann organizer.210. Exploring the Oral Ectoderm Gene Regulatory Network of the Sea
Urchin Embryo. Gabriele Amore, Ochan Otim, Takuya Minokawa,
and Eric H. Davidson. Division of Biology-Caltech Pasadena-CA,
USA.
In sea urchin embryo, the oral ectoderm (OE) specifies within the
confines of the ciliated band. In it, subregionally restricted gene expres-
sion patterns are being recognized. The mechanisms for this regionaliza-
tion are largely unexplored. An understanding of the gene regulatory
network (GRN) that underlies OE specification is required to help explain
this at the causal level. A first glimpse of the OE GRN has been provided
with the discovery of a feedback loop between the dead ringer (dri) and
goosecoid (gsc) genes. This is required to maintain the specification state
of the OE late in development (Amore et al., 2003). OE expression of dri
and gsc requires hnf6 expression. Maternal hnf6 mRNA is present
ubiquitously early in development. Hnf6 zygotic transcription is restricted
to the site of the future ciliated band at gastrulation. Loss of hnf6 results
mostly in a complete loss of OE features. Expression of several OE
marker genes is greatly affected in embryos lacking hnf6 function (Otim
et al., submitted for publication). To expand our collection of OE marker
genes, we began a screening for hnf6 downstream target genes. From the
ongoing sea urchin genome project, about 200 sequences for putative new
transcription factors were identified (Howard et al., unpublished). Quan-
titative real-time PCR has been used to determine which among these
factors may be involved in oral specification by comparing cDNAs from
normal embryos and embryos where the translation of hnf6 mRNA has
been blocked by use of morpholino antisense oligonucleotides. More than
30 new factors resulted to be downstream targets of hnf6. Characterization
of these genes is underway.211. The Role of ANK in Regulating Bone Disease and Arthritis in
Mice and Humans. Kyle A. Gurley, Catherine Guenther, and David
M. Kingsley. HHMI and Stanford University.
Ank is a novel vertebrate-specific gene that was positionally cloned
because of the severe and generalized joint calcification and arthritis that
arises in mice harboring a spontaneous recessive allele. This classical
allele was shown by our lab to contain a nonsense mutation that deletes
the carboxy terminus of a 492 amino acid multiple-pass transmembrane
protein (ANK). A series of mutations in Ank have since been described
in humans. These mutations produce two very distinct diseases. Chon-
drocalcinosis (CC) patients show ectopic mineral deposition in articular
cartilage, while Craniometaphyseal Displaysia (CMD) patients have
excess bone in the skull and long bones, with little or no defects in
joints or articular surfaces. All reported mutations in Ank leave the vast
majority of the protein intact and have no obvious predicted consequence
on protein function. To study the normal in vivo function of ANK, wehave made the first mouse knockout allele of the gene and characterized
the null phenotype. Furthermore, we have used a BAC recombineering
strategy to generate transgenic mice expressing the ANK sequence
variants that result in CC and CMD in humans. Biochemically, ANK
is thought to function by promoting the membrane transport of pyro-
phosphate (PPi), a potent inhibitor of mineral deposition. To directly test
the membrane transport function of wild-type ANK and the many
identified sequence variants, we are using mRNA injection assays in
Xenopus oocytes. Our combined in vivo and in vitro studies show that
ANK does regulate the transmembrane transport of small molecules and
plays a key role in protecting articular cartilage from mineral deposition
and arthritis.212. Lack of Respiratory Neural Network in Sodium Pump alpha2
Subunit-Deficient Mice. Keiko Ikeda and Kiyoshi Kawakami. Jichi
Med. Sch., Tochigi, 329-04 Japan.
The sodium pump is a plasma membrane protein that is essential for
maintaining the sodium and potassium ion gradient across the animal cell
membrane. Nutrients, calcium ion, and various neurotransmitters are
transported using the sodium ion gradients generated by this pump.
The ion gradients are also critical to support electrical activity of
excitable cell membrane. The pump consists of alpha and beta subunits.
The alpha subunit is the catalytic subunit that binds sodium and
potassium ions, ATP, and cardiac glycosides. Four alpha isoforms have
been identified, and they show different substrate affinity and kinetic
properties. Each isoform exhibits unique tissue distribution and expres-
sion pattern during development, suggesting tissue- and developmental
stage-specific function of the isoform. To examine specific roles of
alpha2 isoform in the developing nervous system, we have developed
mice that are defective of the alpha2 subunit gene. The homozygotes
survived until birth with no evident phenotypic abnormalities, but had
severe motor deficits before and at birth. They died immediately after
birth due to the failure of respiration. Here we show that the lack of
alpha2 isoform caused the imbalance of intracellular ion homeostasis
critical for generation of the respiratory neuron activities in perinatal
period. The homozygous mice also showed disconnection between
rhythm generator neurons and pattern generator neurons in the respira-
tory neural circuits of the brainstem. The results indicate that the sodium
pump alpha2 subunit gene is essential for functional maturation of the
central nervous system.213. A Novel Mouse Model of Hypogonadotrophic Hypogonadism.
Andrew J. Pask,1 Haruhiko Kanasaki,3 Ursula B. Kaiser,3 Monica J.
Justice,4 and Richard B. Behringer2. 1Department of Zoology, Uni-
versity of Melbourne, Victoria 3010, Australia; 2Department of
Molecular Genetics, University of Texas MD Anderson Cancer
Center, Houston, TX 77030; 3Division of Endocrinology, Harvard
Medical School, Boston, MA 02115; 4Department of Molecular and
Human Genetics, Baylor College of Medicine, Houston, TX 77030.
An autosomal recessive mutation that causes hypogonadotrophic
hypogonadism was isolated during an N-ethyl-N-nitrosourea (ENU) mu-
tagenesis screen in mice. Affected males were initially identified by a
small genital papilla and reduced genital –anal distance, whereas females
appeared overtly normal. Affected males had micropenis and small,
undescended testes with spermatogenesis arrested at the pachytene stage
of meiosis, leading to sterility. Androgen-sensitive organs were small and
immature. Affected females were also sterile with small ovaries due to an
arrest at the 2j stage of folliculogenesis. The uterus and oviducts were
thin and appeared immature. Circulating reproductive hormones were
significantly decreased in affected males and females. Meiotic mapping
of the mutation and candidate gene sequencing revealed that the ENU-
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tor gene (Gnrhr). In vitro studies indicate the mutant receptor is incapable
of signal transduction. Gnrhr mutant transcripts were significantly upre-
gulated in the pituitaries of Gnrhr mutants, revealing a previously
unknown autoregulatory feedback loop. This is the first report of a mouse
with a Gnrhr loss of function mutation. These GnRH-insensitive mice
provide a novel animal model for the study of human idiopathic
hypogonadotrophic hypogonadism.214. Short Neuropeptide F Regulates Food Intake in Drosophila.Kweon
Yu,1 Kyu-Sun Lee,2 andYong-MahnHan1. 1Korea Research Institute of
Bioscience and Biotechnology, Daejeon, Korea; 2Chung-Ang Univ.,
Seoul, Korea.
Neuropeptides regulate a wide range of animal behavior including
feeding. We present evidence that the short neuropeptide F (sNPF) gene
from Drosophila regulates feeding behavior. sNPF encodes a protein with
two putative RLRFamide peptides. sNPF was expressed in the brain and
the ventral nerve cord of embryos and larvae. The sNPF peptide was
localized in the neurons of the brain, connective axons of the ventral
nerve cord, sensilla, and thoracic ganglions of embryos and larvae. In the
adult brain, the sNPF peptide was localized in the medulla and the
mushroom body. However, the sNPF peptide was not detected in the gut.
From the feeding assay with gain-of-function and loss-of-function
mutants, we found that overexpression of sNPF in nervous systems
promoted food intake whereas expression of the loss-of-function mutant
suppressed food intake. These findings indicate that the sNPF was
expressed in nervous systems to regulate food intake in Drosophila.215. The Adult Mouse Anatomical Dictionary: A Tool for Annotating
and Integrating Data. Terry F. Hayamizu, Mary Mangan, John P.
Corradi, David P. Hill, Janan T. Eppig, and Martin Ringwald. Gene
Expression Database, Mouse Genome Informatics, The Jackson Lab-
oratory, Bar Harbor, ME 04609.
The Anatomical Dictionary for the Adult Mouse has been developed as
part of the Gene Expression Database (GXD) project to provide standard-
ized nomenclature for annotating expression data. An extensive vocabulary
containing more than 2400 anatomical terms for the postnatal (Theiler Stage
28) mouse, the ontology is organized hierarchically in both spatial and
functional ways, and is structured as a directed acyclic graph (DAG) using
both ‘is-a’ and ‘part-of’ relationships. Eventually, this ontology will be
combined with the Anatomical Dictionary for Mouse Development, devel-
oped by our collaborators from the Edinburgh Mouse Atlas Project
(EMAP), to generate an anatomy ontology covering the entire life span
of the laboratory mouse. The vocabulary will also be used to describe other
types of biological data pertinent to mouse anatomy in standardized ways.
For example, combining terms and relationships from orthogonal vocabu-
laries can be used to describe tissue-specific processes, including mouse
phenotypes and tumor biology. Together, these ontologies will enable a
robust and integrated description of biological phenomena occurring in the
developing and adult mouse. The Adult Mouse Anatomical Dictionary can
be accessed in browser format through Mouse Genome Informatics (MGI)
http://www.informatics.jax.org/searches/AMA_form.shtml or as a flat file at
the Open Biological Ontologies (OBO)website http://www.obo.sourceforge.
net/cgi-bin/detail.cgi?mouseanat2.216. EMAGE–Edinburgh Mouse Atlas of Gene Expression. Lorna
Richardson, Jeff Christiansen, Shanmugasundaram Venkataramen,
Nick Burton, Yiya Yang, Peter Stevenson, Richard Baldock, and
Duncan Davidson. MRC Human Genetics Unit, Edinburgh, UK.EMAGE is a database of spatially mapped gene expression patterns
in the developing mouse embryo. All EMAGE data are housed in a
standard framework: the EMAP Digital Atlas. This atlas consists of a
standardized nomenclature for anatomical structures present at all
Theiler stages of development and at least one 3D digital embryo
model at most Theiler stages. As the embryo models are 3D objects,
virtual sections can be taken through these in any plane to reveal
internal anatomical detail. EMAGE expression data are mapped into
this framework both using text (to the anatomical nomenclature) and
spatially (to corresponding regions within the embryo models). Whole
mount data are mapped in 2D as a domain that is projected onto the
‘‘surface’’ of an EMAP embryo model. Section and OPT data are
mapped into the 3D space of the digital EMAP embryo models.
Searching EMAGE data is performed by spatial-based queries whereby
2D or 3D query domains are defined by the user or by more
conventional text-based methods. Free software to search EMAGE
can be downloaded from the EMAP website. The same software can
also be used to prepare private databases for in-lab data management or
to prepare electronic submissions to EMAGE. Submissions to the
central database can alternatively be made by sending specimens
directly to the EMAGE Editorial Office for data entry. Editorial staff
is available for help and advice with the submission process and all
other aspects of the database. EMAGE is publicly accessible from
http://www.genex.hgu.mrc.ac.uk/.217. The Gene Expression Database for Mouse Development (GXD).
David P. Hill, Terry F. Hayamizu, Janan T. Eppig, Martin Ringwald,
and The Gene Expression Database Group. The Jackson Laboratory,
Bar Harbor, ME 04609-1500.
The Gene Expression Database (GXD) is a resource of mouse
expression data with primary focus on development. Embryonic gene-
expression patterns visualized at both the RNA and protein-levels are
integrated using a variety of controlled vocabularies encompassing genetic
information, expression qualifiers, assay types, and anatomical structures.
Integration provides for robust querying, allowing users to approach the
data from molecular, genetic, and spatial perspectives. Standardized
descriptions of gene expression are often supported by images from the
original reports. GXD acquires data from a variety of sources, the
majority obtained from hand-annotation of the literature. However, in
some cases, data are acquired through large downloads after appropriate
conversion to GXD format. For direct submission from authors, the Gene
Expression Notebook (GEN) is a freely available Excel-based program
designed to give investigators a seamless submission alternative. Addi-
tionally, GEN can be used within an investigator’s laboratory, facilitating
the compilation of relevant data and images for publication. GXD
provides accession numbers that can be cited in a publication for data
submitted via the GEN. The data in GXD are updated daily and are fully
integrated with the Mouse Genome Database (MGD), thus providing
expression data that can be viewed in a larger biological context. (GXD is
supported by NIH Grant #HD33745.)218. Mouse ENU Mutagenesis Identifies New Genes Involved in Blood
and Blood Vessel Development. Monica J. Justice,1 Benjamin T.
Kile,1 Kathryn E. Hentges,1 Karen Hirschi,1 Lihua Lai,1 Bin Liu,1 and
Richard R. Behringer2. 1Baylor College of Medicine, Houston, TX
77030; 2The University of Texas MD Anderson Cancer Center,
Houston, TX 77030.
Phenotype-driven mutagenesis screens are a powerful way to discov-
er new gene functions in model organisms. We are carrying out a large
ongoing mouse mutagenesis screen using the supermutagen N-ethyl-N-
nitrosourea (ENU) to isolate recessive mutations causing blood, blood
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facilitate the rapid mapping of a subset of the mutations, we carry out a
three-generation breeding scheme that uses engineered mouse balancer
chromosomes. Mutations that are induced by chemical mutagens can
occur anywhere in the genome of the organism. However, the use of a
genetic tool called a balancer chromosome allows a subset of the
mutations to be immediately mapped to a selected region of the genome.
In addition to providing an immediate chromosomal location for new
mutations, the balancer chromosome allows lethal or detrimental muta-
tions to be easily maintained in the heterozygous state. The mutations
are being identified using standard positional cloning and candidate gene
approaches. The molecular analysis of these mutations reveals that many
are identifying new members of developmental pathways involved in
blood cell and blood vessel development. A mutation that causes low
platelet counts reveals a novel evolutionarily conserved protein involved
in platelet shedding. Discoveries made from mutagenesis screens will
provide links from cellular processes in monocellular organisms to
tissue-specific processes in mammals.219. A Genome-Wide RNAi Screen to Identify Genes Involved in
Neuronal and Glial Development, Function, and Survival. Kath-
arine J. Sepp and Norbert Perrimon. Harvard Medical School,
Howard Hughes Medical Institute, Boston, MA 02115.
To identify genes that are required for neuronal and glial develop-
ment, a high-throughput RNA-interference (RNAi) screen is being
carried out on live, fluorescently labeled primary neurons and glia
prepared from Drosophila embryos. Double-stranded (ds) RNAs repre-
senting all known and predicted genes in Drosophila (approximately
19,000) are used to knockdown gene expression in a 384-well plate
screening format. This work demonstrates that RNAi can be used to
efficiently generate loss-of-function phenotypes in Drosophila primary
neural cells. The data suggest that RNAi is effective at disrupting the
expression of genes encoding neurogenesis factors, actin-associated
proteins, ion channels, axon guidance molecules, growth factor receptors,
cell signaling molecules, neural transcription factors, and homologs of
genes involved in human neurodegenerative diseases. Preliminary anal-
ysis has also implicated important roles for a large number of previously
uncharacterized genes in neuronal and glial development, many of which
have mammalian homologs.220. The Genomic Analysis of Implantation Serine Protease 1 and 2
and the Generation of Knockout Mouse Models. Lin Tang, CM
O’Sullivan, Shiying Liu, Ken Ito, Kim Melton, Hui Xu, and Derrick E
Rancourt. Univ. of Calgary, Calgary, Canada T2N 4N1.
Implantation is a critical step in the establishment of pregnancy, re-
quiring the precise synchronization of embryonic development and uterine
receptivity. We have identified two novel murine trypsin-like serine
proteases, designated as Implantation Serine Protease 1 and 2 (ISP1 and
2), which are expressed during embryo hatching and implantation. ISP1
gene is expressed in pre-implantation embryos and has an important role in
embryo hatching and outgrowth in vitro. ISP1 and 2 are also co-expressed
in the uterine glandular epithelium as early as day 4 of pregnancy and are
secreted into uterine fluid during peri-implantation. Analysis of genomic
sequences has revealed that ISP1 and 2 are closely linked neighbors within
a tryptase cluster on mouse chromosome 17 A3.3, which is syntenaous with
human chromosome 16 p13.3 where human homologous tryptases are
located. We suggest that remarkable similarities within the 5V untranslated
and first intron regions of ISP1 and ISP2 may explain their intimate co-
regulation in the uterus. We also suggest that the ISP genes have evolved
through gene duplication and the ISP1 gene underwent neo-functionaliza-
tion to adopt an additional new function in murine preimplantationembryos. To analyze the functions of ISPs, we have constructed a
conditional ISP1 targeting vector by introducing a loxP site and a self-
excising ACN cassette into the 3rd and 4th introns of ISP1, respectively.
Likewise, an ISP2 targeting vector has been generated by depositing the
ACN cassette into exon 2 of ISP2. Work is currently in progress to generate
targeted ES cell lines for both genes.221. Every Little Bit Counts. Ida Chow. Soc Devel Biol, Bethesda, MD.
All school districts across this and other countries can use help from
practicing scientists in their science, mathematics, and technology
programs at all levels, from teachers and students to parents and
administrators. Activities include classroom visits, hands-on exercises,
online resource, science fair mentoring and judging, teacher professional
development sessions, textbook evaluation for content accuracy, curric-
ulum development, donation of lab materials and equipment, and many
others. Many of these practices may be expanded to include the public
at large. The only limiting factors are time and level of expertise of the
volunteer. Although there is no requirement for formal training in pre-
college education, some good practices and shortcuts that these volun-
teers can use will be available at the poster. The Society for Develop-
mental Biology has conducted many outreach activities at its regional
meetings in the past years, with participation of local SDB members, K-
12 teachers, and high school students. Examples of these activities will
be displayed and invitation is hereby made to all who would like to
organize a session in future regional meetings or to volunteer for
outreach activities.222. Development and Execution of a Laboratory-Based Developmen-
tal Biology Course at Knox College. Margaret R. Fleetwood,
Jennifer L. Larsen, and Judith M. Thorn. Knox College, Galesburg,
IL 61401.
To facilitate experimental learning in developmental biology, a grant
was obtained from NSF (DUE 0127106) to accomplish four goals:
increased student exposure to developmental biology methods, enhanced
student competency in scientific questioning and experimental design, more
student participation in the larger research community, and increased
student interest in higher degree programs in biology. The 2003–2004
school year was the first full-year opportunity to use the equipment
provided by grant funds. With the new equipment, both coursework and
individual student research were augmented. Furthermore, a new course
was added to the curriculum to aid in achieving our educational goals. The
new methods course was modeled after one designed by Richard Fehon,
Mary Honma, David McClay, and Cynthia Lincoln, which was offered at
Duke University, and another designed by Mary Montgomery, which was
offered at Macalester College. The objective of the course was to provide a
research-based opportunity for study in developmental biology at a liberal
arts school. The impact of the new course on individual students will be
discussed, as well as the effects of the new equipment on both in-class
learning and individual research.223. The Pesticide Malathion Disrupts Xenopus and Zebrafish Devel-
opment: An Investigative Undergraduate Laboratory in Develop-
mental Toxicology. Barbara Lom, Diana C. Chemotti, Leslie W.
Cook, Sarah N. Davis, Ian R. Willoughby, Christine Morales, and
Christopher J. Paradise. Davidson College, Davidson, NC.
Malathion is an organophosphorus insecticide often sprayed on
aquatic habitats to control mosquitoes. Such insect control measures also
expose non-target aquatic vertebrates to the pesticide. To examine the
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frog embryo teratogen assay: Xenopus (FETAX) for use as a laboratory
exercise in an undergraduate developmental biology course. Embryos
were reared in malathion for varying periods of time or at varying
dosages during early development. Xenopus embryos exposed to mala-
thion on the first or second day of development were not distinguishable
from controls, but embryos exposed to malathion on the third day of
development were significantly bent in a dose-dependent fashion. Zebra-
fish embryos exposed to malathion exhibited abnormal gut development,
shorter body lengths, and earlier hatching than controls. Undergraduates
successfully designed, executed, and analyzed experiments exploring
issues of malathion dosage or embryonic sensitive periods. To determine
if this investigative lab exercise enhanced understanding of important
concepts such as teratogens, target vs. non-target organisms, and critical
periods of development, we compared student performance on a ques-
tionnaire before and after the lab exercise. Our results indicated that
student understanding of these concepts in developmental and environ-
mental toxicology significantly improved after completing a modified
malathion FETAX experiment.224. Identification of Putative Target Genes in the Zebrafish mbl/axin1
Mutant by Microarray Analysis. Han Wang,1 Jason Kesinger,1
Yuhong Tang,2 Bart Frank,2 and Michael Centola2. 1Department of
Zoology, University of Oklahoma, Norman, OK 73019; 2Oklahoma
Medical Research Foundation Microarray Research Facility, Okla-
homa City, OK 73014.
The suppression of Wnt signaling in the canonical pathway is shown to
derepress a cascade of target genes, some of which are implicated to induce
the formation of the brain and the eyes. Both the brain and the eyes
(particularly the retina) are believed to be autonomous circadian oscillators,
and many key circadian clock genes are rhythmically expressed in the brain
and the eyes in a robust fashion in the zebrafish (Danio rerio). Yet, little is
known about how Wnt signaling regulates circadian rhythmicity and the
presumable Wnt signaling target genes that may control daily oscillations of
the circadian clock genes. masterblind (mbl) is an ethyl nitrosourea (ENU)-
induced mutant generated in a zebrafish mutagenesis. Zebrafish embryos
homozygous for the Masterblind mutation exhibit reduced or absent eyes
and telecephalon, and the expansion of the diencephalic fates to the front of
the brain. A mutation in the GSK3-binding domain of zebrafish axin1, a
scaffolding protein in the Wnt signaling pathway, results in the mbl
phenotype. We employ 14000 oligonucleotide zebrafish gene chips to
profile gene expression in mutant (mbl/) and wild-type control embryos.
Several differentially expressed genes identified by microarray analysis,
whose expression levels are confirmed by independent in situ hybridization
or real-time PCR, could be target genes that directly lead to the mbl
phenotype and represent possible links between Wnt signaling and circa-
dian oscillation. (Supported by NIH P20RR017703 to HW.)225. Using Human Adult Mesenchymal Stem Cells in an Undergrad-
uate Teaching Laboratory: Experiences over Three Years. John S.
Doctor. Department of Biological Sciences, Duquesne University,
Pittsburgh, PA.
The current excitement and promise of stem cell research was
brought directly into an undergraduate lab course at Duquesne Univer-
sity. Commercially available human adult mesenchymal stem cells
(hAMSC) were the focus of a 7-week long module in an advanced
(junior– senior level) lab course in Cellular and Molecular Biology. The
lab meets twice a week for 3–4 h per session, and once a week for a 1-
h recitation. A total of 46 students in the course, during the springs of
2002 through 2004, learned the basics of cell culture and aseptic
technique, and set up experiments to examine the developmental poten-tial of hAMSC. Cell culture was a component of almost all lab sessions
over the 7-week period. The hAMSCs (from Cambrex) are readily
passaged in medium provided by the supplier. Several experiments by
small teams of students evaluated hAMSC morphology, proliferation, and
osteogenic differentiation via fluorescent microscopy, cell counting, MTT
vital dye staining/colorometric quantitation, alkaline phosphatase histo-
chemistry, and chemical determination/alizarin red staining to assess
calcium deposition. The students in the lab also applied these methods
in a set of preliminary experiments on the attachment, proliferation, and
differentiation of hAMSC on novel bone tissue engineering scaffold
biomaterials. Several recitation sessions were devoted to seminal pub-
lications in stem cell research and journal club discussions. The students
analyzed and presented their research results in written papers and at a
poster session for the lab course.226. Evolution of Mechanisms Responsible for Gastrulation in the
Maximum Direct Developing Ascidian, Molgula pacifica. William
R. Bates. Okanagan University College, Kelowna, BC V1V1V7.
Gastrulation in the maximum direct developing ascidian Molgula
pacifica is highly modified compared to ‘model’ ascidian in that endo-
derm cells situated in the vegetal pole region do not undergo typical
invagination cell movements, thereby eliminating the formation of a
typical blastopore and archenteron. Furthermore, the involution of meso-
derm cells in M. pacifica is highly modified as compared to model
indirect developers. A subtle rearrangement of vegetal pole cells is the
only indication of gastrulation in this species. In the present study, (1) UV
irradiation of fertilized eggs tested the possibility that cortical cytoplasmic
factors are required for gastrulation and (2) blastomere isolation experi-
ments examined the possibility that cell signaling beginning at the two-
cell stage may be required for the development of the gastrula and
beyond. The results suggest that cytoplasmic factors required for gastru-
lation are localized in the egg cortex, but in contrast to previously studied
indirect developers, these factors are not exclusively localized in the
vegetal pole region at the first stage of ooplasmic segregation. Further-
more, the inability of embryos derived from blastomeres isolated at the
two-celled stage to undergo gastrulation and develop into juveniles
suggests that important cell signaling begins as early as the two-cell
stage in Molgula pacifica. The significance of these results will be
discussed in terms of the evolution of maximum direct development in
ascidians.227. Pigmentation in the Sensory Cells of the Ascidian Larvae is
Essential for Normal Behavior. Jason W. Tresser, Di Jiang, and
William C. Smith. University of California, Santa Barbara.
Sensation of environmental cues is essential for the proper dispersal
and settlement of ascidian larvae. The tadpole larvae are negatively
phototactic as well as negatively geotactic, directing settlement and
subsequent metamorphosis to shallow, shaded locations. Two pigmented
cells in the brain of the ascidian larvae, the ocellus and the otolith, have
been shown to function as the photoreceptive and gravity sensitive
organs. Here we show that melanin pigmentation is essential for proper
behavior of the ascidian tadpole. We have isolated two complementing
mutations, Immaculate and Spotless, in the ascidian Ciona savignyi that
specifically effect the pigmentation of the sensory cells during develop-
ment. Embryos fail to synthesize melanin and hatched tadpoles lack
pigmentation in the sensory cells. Non-pigmented tadpoles have normal
ocellus and otolith morphology, but lack typical upward swimming
behavior, as well as the preference for settlement in dark environments.
Genetic analysis indicates that the Spotless mutation is caused by a
mutant allele of the enzyme tyrosinase, while the molecular identity of
Immaculate is unknown.
Abstracts596228. Functional Roles of Innate Immunity in Ascidian Metamorphosis.
Brock W. Roberts, Eva Ma, Shannon Smith Wallace, Eric Edsinger
Gonzalez, and Billie J. Swalla. Univ. of Washington, Seattle, WA
98195.
Ascidian metamorphosis represents a powerful model system for
investigations into chordate development and evolution. This process
transforms free-swimming larvae into sessile adults through several staged
metamorphic events. First, larvae become competent to respond to
settlement cues. Settlement involves attachment to a substrate, resorption
of the larval tail, and differentiation of adult structures. Subtractive
hybridization revealed that numerous transcripts with innate immune
functions are upregulated during metamorphosis in Boltenia villosa.
Several transcripts have known roles in the MBL-complement pathway,
including Mannose Binding Lectin (MBL) and MBL-Activated Serine
Protease (MASP). MBL recognizes and binds bacterial pathogens, acti-
vating MASP and facilitating phagocytosis and the inflammatory re-
sponse. Competent larvae upregulate MBL and MASP and respond to
bacterial cues to initiate settlement. MASP is expressed in papillae-
associated tissue (PAT) cells. In competent larvae, these MASP-expressing
cells migrate through a tunnel in the larval tunic, suggesting a function in
bacterial substrate recognition. Using KCl as an artificial settlement cue,
we have shown that MASP expression in PAT cells is temporally
correlated with larval competency. Serine protease inhibition blocks
metamorphosis, allowing tail resorption but preventing further morpho-
logical changes. To perturb this pathway with specificity, we have
employed RNA interference (RNAi) and antisense oligonucleotides. Using
these techniques, we are testing functional hypotheses for the roles of
specific innate immunity genes during metamorphosis.229. Cis-Regulatory Elements Driving Muscle-Specific Expression of
an Ascidian Troponin I Gene. Parul Khare,1 Cynthia Cleto,2 Thomas
H. Meedel,3 and Kenneth E. Hastings4. 1Montreal Neurological
Institute (MNI), McgIll Univ.; 2MNI, McGill Univ.; 3Biology Dept,
Rhode Island College; 4MNI, McGill Univ.
We have been studying the functional cis-elements in the 5V flanking
DNA of the Troponin I (CiTnI) gene in ascidian chordate Ciona intestinalis.
This gene is expressed tissue-specifically in adult body-wall, heart, and
larval-tail muscle. Our approach has been to electroporate nuclear beta-
galactosidase reporter constructs into Ciona intestinalis zygotes, allow
development for 12 h to the tailbud stage, and fix and stain for nBgal
activity. Our results indicate that 388 bp upstream of the ATG translation
start codon, there is a 449-bp DNA segment that is necessary and sufficient
to drive high-level expression in tail muscle cells of embryos. Comparative
sequence analysis indicates that this region contains several candidate cis-
elements conserved in the related ascidian Ciona Savignyi. Conserved
elements were targeted by PCR site-directed mutagenesis. An Ebox was
found to be essential for high-level expression, whereas candidate Mef2 and
TEF-1/CREB sites appeared to be less important. It is possible that Mef2
and TEF-1/CREB sites could play roles in muscle-specific expression in the
adult. The importance of the Ebox suggests that a myogenic basic-helix-
loop-helix transcription factor of the MyoD family may be important in
driving high-level tissue-specific expression in embryo tail muscle cells.
Both Ebox and Mef2 sites are important for high-level muscle-specific
expression of vertebrate TnI genes. These similarities and differences
presumably reflect modification of TnI gene-regulatory mechanisms during
chordate or vertebrate evolution.230. Hox Gene Cluster in Ciona intestinalis: Its Dispersed Structure
and Residual Colinear Expression in Development. Tetsuro Ikuta,1
Natsue Yoshida,1 Nori Satoh,2 and Hidetoshi Saiga1. 1Tokyo Metro-
politan University, Tokyo, Japan; 2Kyoto University, Kyoto, Japan.Ascidians belong to the subphylum Urochordata, the earliest branch in
the phylum Chordata, and their larvae possess a simple chordate body
plan. The draft genome analysis of the ascidian Ciona intestinalis
identified 9 but not 13 Hox genes. These Hox genes, however, have
been located on five scaffolds, each of which contains one to three Hox
genes. Thus, the organization of Ciona Hox gene cluster has not yet been
made clear. Concerning Ciona Hox gene expression pattern, some data
have been available, which has suggested that some of ascidian Hox
genes may retain the colinear expression in the neural tube. To determine
the extent of conservation of the cluster structure and colinear expression
of Hox genes in C. intestinalis, we examined the genomic organization
and spatiotemporal expression of Hox genes as well as extended Hox
member genes (Evx and Mox) of Ciona by using fluorescence in situ
hybridization (FISH) and whole mount in situ hybridization techniques.
We found that seven out of nine Ciona Hox genes are located on the
single chromosome with some ordering exception and the others including
Evx and Mox on the different chromosomes. Some of these genes
exhibited spatial colinear expression within the embryonic CNS as
previously expected and unexpectedly within the gut of the juvenile. In
light of the above observations, we discuss the evolution of urochordate
in relevance to genomic rearrangement including the dispersion of Hox
gene cluster.231. Are Porifera and Archaeometazoa Diploblasts? Cristiano C.
Coutinho,1 Rodrigo N. Fonseca,2 Guilherme A. Maia,1 and Radovan
Borojevic1. 1UFRJ, Dep. de Hist. e Emb, Inst. de Cieˆncias Biome´d-
icas, Brasil; 2UFRJ, Dep. de Bioquı´mica, Inst. de Quı´mica, Brasil.
Based on the monophyletic origin for Metazoan, any data on Por-
ifera’s genetic and cell interactions would be useful to draw back the
origin and early evolution of Metazoans. In Coutinho et al. (2003), we
presented a heterologous functional test to identify an evolutionary
conserved genetic program coordinating cell proliferation and differenti-
ation. It was concluded that the Porifera and mammalian Tlx genes are
homologous, with some degree of conservation in their structure and
transcriptional regulation. The homeobox gene families with Porifera
orthologous (Tlx, Msh, Nk3) are organized in clusters into Bilateria
genome (NKL complex), which are under the control of BMP during
mesoderm patterning in D–V axis establishment. The Porifera cell
organization and morphology support a mesenchymal classification, and
the absence of advanced structures in Porifera’s epithelium raises doubts
about its derivation from ectoderm or endoderm. The morphological
aspects of Porifera development do not strongly support classical gastru-
lation among its members. Porifera would not be diploblast and would not
have any kind of germ layer, but would have primitive mesoderm with
mesenchymal cell differentiation programs operating as tool-kits during
further evolution of the mesoderm. These conclusions will be finally
concerned with the current data on Cnidaria developmental biology.
(Supported by FAPERJ-PRONEX.)232. Why is the Homeodomain (HD) Evolutionarily Conserved? The
HD Contains Multiple Overlapping Functional Domains. Jutta J.
Roth and Gunter P. Wagner. 1Yale University, New Haven, CT 06511;
2University of Salzburg, 5020 Salzburg, Austria.
The homeodomain is a highly conserved 60 amino acid protein
domain that mediates DNA binding in a large family of transcription
factors. The classical explanation for the high degree of conservation
assumed that the role of the HD in DNA binding is also responsible for
the evolutionary conservation of this sequence. But crystallography of Hox
protein/DNA complexes showed that only a few conserved amino acid
residues form direct base contact. By functional comparison of mouse and
zebrafish HoxA-11, we could show that the HD is a multifunctional
Abstracts 597module in which overlapping sequence motives serve at least three to four
different biochemical functions. Nuclear localization was determined by
expressing a HoxA-11-GFP fusion protein in COS-1 cells. Deletion
experiments identified a nuclear localization signal of eight amino acids
located at the C-terminal part of the HD, which partially overlaps with the
DNA recognition residues. In artificial recruitment assays, both murine
and fish HoxA-11 function as transcriptional repressor. Repressor function
was solely mediated by a 29 amino acid motif at the N-terminal end of the
HD. We conclude that in Hoxa-11, the homeodomain is a functional
module whose conservation could be due to the accommodation of the
absolutely conserved functions, primary repressor activity, DNA binding
and nuclear localization that allows the rest of the molecule to evolve
functions important for specificity during development like protein–
protein interactions.233. Functional Dominance among Hox Genes: The Genetic Require-
ments. Melissa E. Williams and Jeffrey W. Innis. University of
Michigan, Ann Arbor, MI 48109.
Hox genes encode highly conserved transcription factors that are
expressed in precise domains during development. Posterior HOX proteins
expressed ectopically in more anterior or proximal domains generally exert
functional dominance over endogenous Hox gene products and give rise to
malformations or ‘‘posterior’’ transformations. We are exploring the genetic
requirements for posterior prevalence in developing mouse limbs using a
transgenic approach employing the Prx-1 promoter. Experiments express-
ing Hoxa13 or Hoxd13 individually throughout the mesenchyme of the
developing limbs show that each is sufficient to cause similar shortening of
the zeugopods and stylopods characteristic of posterior prevalence, while
expression of the more anterior gene Hoxa9 does not. Expression of a
HOXD13 DNA binding mutant as well as chimeric HOXD13 constructs
containing the HOXA9 or D11 homeodomain resulted in phenotypes
affecting the zeugopods similar to wild-type HOXD13. While HOXD13
containing the HOXA9 homeodomain resulted in zeugopod shortening,
overall the defects appeared less severe. Together, the results demonstrate
that a group 13 homeodomain is not necessary and that non-homeodomain
residues of HOXD13 play a primary role in directing functional dominance.
Additional constructs are being tested to further define the precise region(s)/
residues of posterior HOX proteins that are both necessary and sufficient for
functional dominance. These experiments will advance our understanding
of the contribution of protein sequence evolution in HOX functional
divergence.234. Evidences for Evolutionary Conservation of Hox11/Tlx Family
Controlling Myelopoiesis. Rodrigo N. Fonseca,1 Radovan Boro-
jevic,2 and Cristiano C. Coutinho2. 1UFRJ, Dep. de Bioquı´mica, Inst.
de Quı´mica, Brasil; 2UFRJ, Dep. de Hist. e Emb, Inst. de Cieˆncias
Biome´dicas, Brasil.
The Hox11/Tlx gene family belongs to the NKL gene cluster that is
under the control of BMP genetic pathway for mesodermal patterning
along protostome and deuterostome evolution. The hematopoietic field is
defined in BMP signaling domain, and we are showing now evidences for
Hox11/Tlx as downstream in the BMP signaling pathway for hematopoi-
etic control. First, we correlated the morphology with the expression
domains of dpp and Drosophila Hox11/Tlx orthologous, C15, in different
mutants by in situ hybridization. The second part was to avaliate the
function of Hox11/Tlx in hematopoietic control. Since Hox11/Tlx is
expressed in embryonic stromal cells of the spleen, we have applied
the conditional expression of Hox11/Tlx (T-Rex, Invitrogen) in a non-
expressing Tlx/Hox11 bone marrow stroma cell lineage (S17). The
hematopoietic precursors cultivated with S17-cond-Hox11 clone generate
more myeloid than lymphoid cells when compared to the S17 stroma.The role of Hox11 in primitive hematopoiesis was evaluated by RNAi
inhibition of gene expression in a yolk sac cell line (K562). This
inhibition leads to a more mature phenotype as observed by microscopy
analysis. All these results suggest a role of Hox11/Tlx gene family
controlling proliferation and differentiation in myeloid lineages. Since
myeloid is an evolutionary old mesodermal lineage, it could be homol-
ogous to fagocitic archeocyte, which is the Porifera cell type for self-
recognition and expresses Hox11/Tlx orthologous gene. (Supported by
FAPERJ-PRONEX and CAPES.)235. Hox Genes in a Basal Group of Euarthropods: Pycnogonida. Amy
Maxmen,1 Mark Q. Martindale,2 and Gonzalo Giribet3. 1Harvard
University, Cambridge, MA 02138; 2Univ. of Hawaii, Honolulu, HI
96813; 3Harvard University, Cambridge, MA 02138.
In attempt to understand the underlying mechanisms involved in the
evolution of innumerable morphologies, researchers have turned to the
Hox genes, a family of transcription factors involved in patterning body
segments. Hox genes have been explored in representatives of the four
major classes of euarthropods; chelicerates, myriapods, crustaceans, and
hexapods (including the insects). However, there is one additional group,
Pycnogonida, which is misleadingly called the sea spiders. Several
cladistic analyses have placed the pycngonids as sister taxa to the
remaining euarthropods. Pycnogonid fossils from the Cambrian period
indicate that this basal group has emerged early in arthropod evolution
and has also maintained a conserved body plan over time. Morpholog-
ically, the pycnogonids are certainly arthropods, yet display many
characters that are shared not with arthropods, but rather with other
ecdysozoans such as tardigrades, priapulans, and nematodes. Debates
concerning Ecdysozoa versus Articulata have been confounded by the
use of inferred ‘‘groundplan’’ character states. The study of pycnogonids,
an actual basal arthropod, will be a crucial contribution to a growing
body of research on arthropod evolution. Here, 11 Hox-type sequences are
reported for the first time from the pycnogonid Anoplodactylus portus, all
of which could be assigned to 10 Hox classes proposed to exist in the
‘‘ancestral’’ arthropod Hox cluster. There appears to be a duplicate copy
of an Abdominal-B ortholog.236. The Role of Ubx in Crustacean Development. Danielle M. Liubicich
and Nipam H. Patel. Univ. of California, Berkeley.
Crustaceans are among the most morphologically diverse organisms in
the animal kingdom. Although they exhibit many unique appendages and
specialized body plans, these animals utilize most of the same patterning
mechanisms associated with all other arthropods, including insects. Previ-
ous studies showed that changes in Hox gene expression patterns between
crustacean species are correlated with the diversification of appendage
morphology in this group. In addition, it has been hypothesized that
changes in the protein coding sequence of the Hox genes may have also
played a role in body plan evolution between crustaceans and insects. To
functionally assess the role of Hox genes during crustacean development
and further examine the potential part they play in evolutionary change, we
have focused on understanding the role of Ultrabithorax (Ubx) during the
development of the amphipod crustacean, Parhyale hawaiensis. Consistent
with previous studies, we find that the anterior boundary of expression
marks the point of transition from head-like feeding appendages to trunk
locomotory appendages along the anterior–posterior axis. This expression
begins not only before the initiation of limb growth, but also before these
segments have been patterned by segment polarity genes such as en-
grailed. To confirm the role of Ubx in establishing trunk identity and
morphological diversity in crustaceans, we are currently performing
functional analyses including knockdown of Ubx expression by RNAi
and morpholinos.
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Formation in the Crustacean Artemia franciscana. Tijana Copf1 and
Michalis Averof2. 1Biology Department, University of Crete, Iraklio
Crete, Greece; 2Institute of Molecular Biology and Biotechnology
(IMBB), Iraklio Crete, Greece.
In the crustacean Artemia franciscana, thoracic and metathoracic seg-
ments are formed sequentially during larval stages, in an anterior to
posterior sequence from a posterior growth zone. In a previous study, we
cloned the Artemia homologues of caudal, even-skipped, and spalt, and
showed that all three genes are expressed in the posterior growth zone,
starting from early larval stages and persisting there during the formation of
all body segments. Expression of these genes in the growth zone, a place
where new segments are being born, suggested a putative role in Artemia
segment formation. To be able to study gene functions in Artemia, we
developed a method to inactivate gene expression by RNAi. Using this
method, we are currently studying the function of caudal, even-skipped, and
spalt genes during segment formation.238. Developmental Expression of otd, ems, and lab in the Head and
CNS of Parhyale hawaiensis. William E. Browne,1 Nipam H. Patel,2
and Mark Q. Martindale1. 1Kewalo Marine Lab, University of Hawaii;
2HHMI and University of California, Berkeley.
The arthropod head is a complex multimeric structure. The crustacean
Parhyale hawaiensis shares a similar supraesophageal neuromere organiza-
tion with insects. From anterior to posterior, the supraesophageal ganglion
can be subdivided into protocerebral, deutocerebral, and tritocerebral neuro-
meres. At the level of molecular patterning, it appears that a relatively small
number of regulatory transcription factors play a major role in the specifi-
cation of the Drosophila supraesophageal ganglion. Here we present expres-
sion patterns associated with homologs of orthodenticle (otd),
emptyspiracles (ems), and labial (lab) in Parhyale. In insects, otd plays a
significant functional role in the development of the anterior head and is also
expressed in the CNS midline. In Parhyale, otd is expressed in a bilaterally
symmetric, restricted region of the anterior head as well as the midline of the
CNS. The Hox gene lab is expressed in the IC segment during insect
development and has an analogous expression domain in Parhyale during
development of the second antennal segment. Later, expression of lab is
restricted medially to the tritocerebrum and lateral and posterior regions of
the stomodeum. InDrosophila, the head gap gene ems is expressed in an early
broad domain in the AN and IC segments and plays a role in specifying
structures on these segments. In Parhyale, there is no analogous broad ems
domain in the head. Parhayle ems is first detected as small, bilaterally
symmetric, domains after formation of the germband. Current experiments
seek to explore the function of otd, ems, and lab in Parhyale.239. Microevolution of Vulva Development in American and European
Strains of P. pacificus. Hans Zauner, Hanh Witte, and Ralf J. Sommer.
Max Planck Institut fu¨r Entwicklungsbiologie, 72076 Tu¨bingen,
Germany.
To obtain an understanding of the microevolution of developmental
processes, we study vulva development in closely related species and
strains of the nematode genus Pristionchus. Like in C. elegans, the vulva
in Pristionchus is formed from the vulva precursor cells P5.p, P6.p, and P7.
The most striking developmental difference between these two nematodes
is the fate of the posterior epidermal cell P8.p that has special properties in
P. pacificus. P8.p has an epidermal fate in wild-type animals and is part of a
novel signaling center in the posterior body region. It inhibits P5.p and P7.p
from adopting a 1j fate after ablation of the other vulva precursor cells, a
phenomenon known as ‘‘lateral inhibition’’. Here we present cell ablation
data showing that P. pacificus strains differ in the developmental propertiesof P8.p. A strain from Poland differs from five strains from North America
in that lateral inhibition by P8.p is markedly reduced. To study the genetic
basis of lateral inhibition, we generated 180 recombinant inbred lines (RIL)
by crossing the strains from Poland and Washington. Lateral inhibition is
completely absent in at least 3 out of 62 tested RILs. We have determined
the genotypes of the RILs to define those regions of the genome (QTLs)
that contain the underlying ‘‘evolutionary’’ mutations. Lateral inhibition is
also absent in sister species of P. pacificus, suggesting that the ancestral
condition can be re-established in P. pacificus hybrid lines.240. C. briggsae Sex Determination Mutants. Danielle F. Kelleher,1
Carlos Carvalho,2 Marnie R. Layton,1 Eric S. Haag,1 and David B.
Pilgrim2. 1Univ. of Maryland, College Park, MD 20742; 2Univ. of
Alberta, Edmonton T6G 2E9, Canada.
To explore how sex determination evolves over short, tractable time
scales, we are developing Caenorhabditis briggsae, a close relative of the
model nematode C. elegans, as a true genetic system. The function of C.
briggsae sex determination genes has previously been assessed by RNA
interference (RNAi). RNAi against theC. briggsae andC. remanei fem genes
suggests differences in their germline function between species (Haag et al.,
2002; Stothard et al., 2002; Stothard and Pilgrim, 2003). However, RNAi
rarely eliminates all target expression, and it is not suitable for the genetic
approaches essential for pathway reconstruction. Here, we describe the
isolation of Cb-tra mutant alleles. The best-characterized alleles fall into
two linkage groups tightly linked to Cb-tra-1 and Cb-tra-2. Sequencing of a
reference allele of each class revealed missense and nonsense mutations,
suggesting these areCb-tra-1 andCb-tra-2mutants. Suppressors ofCb-tra-2
further suggest the germline role of the fem genes has changed between
species. Epistasis analysis ofCb-tra-1,Cb-tra-2, andCb-fem-2 (see poster by
Hill et al.) mutants indicates that the order of gene interactions is similar
between species. Importantly,Cb-tra-2mutants are 100% penetrant, whereas
that ofCb-tra-2(RNAi) is about 10%1,4. This verifies that real mutants will be
crucial for accurate reconstruction of the C. briggsae sex determination
pathway.
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Robin Hill, Benjamin Schlager, and Eric S. Haag. Dept. of Biology,
Univ. of Maryland, College Park, MD 20742.
Our lab is interested in the evolution of sex determination. The nematode
genus Caenorhabditis provides an excellent system for such studies. Sex
determination is well-understood in C. elegans, the genes are among the
most rapidly evolving in its genome, and there is variation in reproductive
strategies within the genus. Comparative studies using RNA interference
(RNAi) have revealed not only many similarities across the genus, but also
some intriguing differences (Streit et al., 1999; Haag and Kimble, 2000;
Chen et al., 2001; Haag et al., 2002; Stothard et al., 2002). It is unclear if
these results are biological reality or a limitation of RNAi; true mutations are
needed to clarify the results. With this in mind, our lab is using reverse
genetics to generate mutants in C. briggsae sex determination genes,
focusing on the fem class. A PCR-based deletion mutation screen of over
900,000 haploid genomes produced a deletion in Cb-fem-2, which encodes a
PP2C protein phosphatase. Deletion of the entire phosphatase region was
confirmed by sequencing. Importantly, the characteristic self-sterile pheno-
type of XX C. elegans fem-2mutants is not seen. In addition, XO Cb-fem-2
homozygotes are transformed into hermaphrodites, and not females as in C.
Abstracts 599elegans. In situ mRNA localization shows expression of Cb-fem-2 in the
germline of wild-type XX worms, but not in fem-2 mutants. We will
continue the deletion screen this summer, focusing on the other fem genes.
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of Female Drosophila melanogaster. Tyson Bross, Blanka Rogina,
and Stephen Helfand. University of Connecticut Health Center, Farm-
ington, CT 06030.
Caloric restriction (CR) is an important mechanism for extending the
life span in Drosophila and other organisms by both environmental and
genetic means. Longevity extension of female fruit flies through CR is
related to an alteration of reproductive behavior. To assess the separate
effects of reproduction and diet on longevity, egg-laying patterns and life
span data were collected for mated and virgin wild-type flies over a 6-fold
range of total calories. Virgin females show 50–90% increases in median
life span when compared to mated females depending on the level of dietary
calories. Over the range of conditions tested, mated females displayed a
nearly 100% increase in both median and maximum life span in response to
CR. Mated females show greatly differing rates of oviposition over the
range of diets studied, with maximum daily and cumulative egg-laying
proportional to dietary calories. Female virginity equalizes daily oviposition
and reduces the magnitude of difference in lifetime cumulative egg
production. In turn, the additive effect of CR to increase longevity in
virgins is reduced. For females, approximately one-half of life span
extension through CR is related to the reproductive behavior of females.
Mortality rate comparisons indicate that while the observed reduction of
fecundity in mated females through decreasing calories slows the acceler-
ation of mortality, the primary effect of CR in the absence of significant
reproductive differences is to delay the onset of age-related mortality.243. Early Blastomere Determines Caste Fate in the Polyembryonic
Wasp. Vladimir Zhurov, Tomislav Terzin, and Miodrag Grbic. Uni-
versity of Western Ontario, Department of Biology, London, ON,
Canada, N6A 5B7.
Polyembryonic development represents a unique mode of metazoan
development in which a single zygote generates multiple embryos via
clonal proliferation. The polyembryonic parasitic wasp Copidosoma
floridanum displays one of most extreme cases of polyembryony, pro-
ducing up to 2000 embryos from a single zygote. These embryos belong
to two morphologically distinct larval castes, one precocious and other
reproductive. In 1906, Silvestri hypothesized that a putative maternal
mechanism is responsible for the cast dimorphism. To understand the
maternal mechanisms involved in the evolution of polyembryony, we
cloned the Copidosoma homologue of RNA helicase gene vasa, a
ubiquitous metazoan germ line marker. Here we show that maternal Vasa
protein segregates into a single cell at the four-cell stage and that Vasa-
positive cells become parceled into reproductive but not precocious
embryos. Laser ablation of cells at the four-cell stage shows that the
Vasa-positive cell regulates the proliferation and fate of the reproductive
caste, while the other cells neither affect caste fate nor the course of
polyembryonic development. Our results uncover a novel mechanism of
caste specification mediated by the regulatory capacity of a single cell. In
addition, our experiments reveal mammalian-like pluripotency of early
embryonic cells in insects.244. Transposon-Mediated Gene-Trap: A Screen for Live Markers in
the Zebrafish, Danio rerio. Jose R. Morillo,1 Stephen L. Johnson,2
Koichi Kawakami,3 and Ryan McMahan4. 1Florida International
University, Miami, FL 33199; 2Washington University in St. Louis,
St. Louis, MO 63110; 3Tokyo University, Tokyo, Japan; 4University
of Illinois, Champaign, IL.
Insertional mutagenesis screens have become common and relevant
approaches for randomly identifying genes involved in various develop-
mental pathways. This technique has been successfully applied in organ-
isms such as the fruit fly and mouse. The zebrafish Danio rerio is a
vertebrate model organism for the study of developmental biology. It
features rapid development, short generation time, large number of
progeny, and transparent anatomy in embryonic and larval stages, which
allows for easy reporter gene screens. The Tol2 transposable element from
the Medaka fish Oryzias latipes transposes efficiently into the germ-line
when injected into zebrafish embryos. An engineered Tol2 transposable
element with the green fluorescent protein (GFP) reporter gene behind a
splice acceptor was used to screen for random transposon insertions into
genes. The GFP mimics the specific expression pattern of a given trapped
gene and at the same time allows for the further characterization of such
interrupted genes. Eighty-eight founders (injected as embryos) for GFP
expression patterns in their F1 progeny were screened. Eighty-four
different markers were identified specific to various tissues including
the central nervous system, heart, jaw, muscle, sensory system (lateral
line), and fins. Several of these have been tested for transmission to the
F2 generation and reveal normal Mendelian ratios of GFP-expressing
progeny indicating stable expression of the transgene across multiple
generations.245. Using a Differential Hybridization Approach to Study Evolution
and Development in the Blind Cavefish. Allen G. Strickler and
William R. Jeffery. Department of Biology, Univ. of Maryland,
College Park, MD 20742.
Differential hybridization is a powerful tool that can provide insights
into the underlying molecular mechanisms of phenotypic change. We are
using a differential cDNA hybridization approach to study the evolution
and development of the teleost fish Astyanax mexicanus. This species is
especially suited for differential hybridization analysis because it has two
forms, an eyeless, pigment-deficient cave form (cavefish) and a surface
stream dwelling form possessing normal eyes and pigmentation (surface
fish). We extracted RNA samples from 72 h postfertilization larvae of
both forms and subjected them to differential hybridization. Initial results
suggested that levels of gamma crystallin M expression were greater in
surface fish. To further investigate, we performed in situ hybridizations
using a gamma crystallin M probe and saw increased expression in the
surface fish lens when compared to the cavefish. Furthermore, immuno-
histochemical analysis using an antibody against gamma crystallin se-
quence suggested that less protein is produced in the cavefish lens.
Finally, morphological data obtained from programmed cell death and
cell proliferation studies of the lens further supported our findings that
gamma crystallin M expression is reduced in the cavefish. It is evident
that differential hybridization experiments are a useful tool to study the
molecular basis of developmental changes in closely related organisms.
By revealing such changes, we may be able to ultimately understand the
larger scale processes of speciation and evolution.246. Development and Evolution of Cavefish Pigment Cells. E. R. Hixon
and W. R. Jeffery. Univ. of Maryland, College Park, MD 20742.
Although reduction or complete loss of pigmentation is typical of
cave animals, little is known about the developmental and evolutionary
Abstracts600processes that regulate this change. The cave and surface forms of the
teleost Astyanax mexicanus provide an ideal system to study this
problem. In the surface fish, three pigment cell types are derived from
the neural crest and their precursors migrate through the dorsolateral
(pigment) pathway to specific sites where they differentiate into chro-
mophores. Whereas the cave form retains irridiphores and xanthophores,
all cavefish varieties show some degree of regression in the number of
melanophores. We show that melanoblasts are present in both embryo
and adult cavefish, although they do not differentiate into mature
melanophores. DiI injections show migratory trunk neural crest cells in
the pigment pathway that migrate to locations normally occupied by
melanophores. Similar migratory cells are labeled by HNK-1 antibody.
We also found cells just below the surface ectoderm that were able to
convert L-DOPA into melanin, implying these cells produce an active
tyrosinase enzyme. Double labeling for tyrosinase and DiI showed an
association of melanoblasts and migratory neural crest cells, confirming
that the tyrosinase positive-cells are neural crest derivatives. Cavefish
melanoblasts can use exogenous L-DOPA to produce melanin but are
unable to convert L-tyrosine, the direct metabolic precursor of L-DOPA,
into melanin. We conclude that pigment cell regression in cavefish is
mediated by an evolutionary change in melanogenesis that may involve
an impediment in the ability to convert L-tyrosine to L-DOPA and
melanin. (Supported by NIH grant IBN-0110275.)247. Expression and Genomic Comparison of Hoxa2a and Hoxa2b
Genes in Striped Bass Embryos. Jean-Luc Scemama, Pooja Sethi,
Pierre Le Pabic, and Edmund Stellwag. Department of Biology, East
Carolina Univ., Greenville, NC 27858.
Paralog group 2 (PG2) hox genes play an important role in patterning
the hindbrain and the structures derived from the second branchial arch in
vertebrate species. Mammals possess two PG2 genes (Hoxa2 and Hoxb2),
and genetic studies have shown that, in mouse, only Hoxa2 is required for
proper development of the skeletal derivatives of the second arch. After the
duplication event that occurred in the ray-finned fish lineage, zebrafish
retained two PG2 genes (Hoxa2b and Hoxb2a) and knock-down studies
have demonstrated that both these genes act redundantly to pattern the
second arch. We have previously shown that striped bass Hoxb2a gene was
not expressed in the second arch and suggested that Hoxa2a may act alone
to pattern this structure. We have recently cloned and sequenced striped
bass Hoxa2a and Hoxa2b genes. Therefore, striped bass possess three PG2
hox genes (Hoxa2a, a2b and b2a). Analysis of the expression pattern of
these genes reveals that both Hoxa2a and Hoxa2b have an onset of
expression at the three somite stage and share an anterior limit of expression
at the hindbrain r1 – r2 boundary. Interestingly, Hoxa2a is strongly
expressed in the second branchial arch with a weaker expression in the
posterior arches, while Hoxa2b is strongly expressed in the posterior arches
with a weaker expression in the second arch. Genomic comparison of the
promoter region of the striped bass PG2 genes with the one of their
vertebrate orthologs suggests that striped bass Hoxa2a and Hoxa2b genes
have undergone subfunctionalization after the duplication event that oc-
curred in the ray-finned fish lineage.248. A Genetic Basis for Vertebral Column Truncation in Frogs and
Toads (Anura). Gregory R. Handrigan and Richard J. Wassersug.
Department of Biology, Dalhousie University, Halifax, NS, Canada.
Terrestrial vertebrates typically have 40–50 vertebrae derived from a
corresponding number of somites. Anurans (frogs and toads) start off with a
comparable number of somites, but only the most anterior of these (approx-
imately 20) develop vertebrae. Caudal somites, which are disproportionately
numerous, do not form vertebrae and are ultimately lost as the tadpole tail is
resorbed during metamorphosis. Presumably, an anterior shift of the trunk–tail boundary has occurred via Hox genes and their downstream targets, such
as growth/differentiation factor 11 (Gdf11). Gene targeting experiments in
mice have determined that Gdf11 functions as a posteriorizing signal in
vertebral column patterning by defining the expression boundaries of various
HoxC genes. Thus, Gdf11/ mice have 6–8 more trunk- and fewer caudal-
vertebrae than their wild-type littermates. Given the conservation of the Hox
program across the vertebrates, Gdf11 likely plays a role in shaping the
anuran skeleton. We are applying molecular techniques to the South African
clawed frog Xenopus laevis to elucidate the function of its Gdf11 homolog.
Preliminary in situ hybridization studies with X. laevis indicate that tran-
scripts of a Gdf11-like gene are localized in a similar spatial pattern as that of
definitive, mammalianGdf11 homologs. A presumptiveGdf11 homolog (i.e.,
XGdf11) has been cloned by degenerate reverse transcriptase PCR. The role
of XGdf11 in patterning the anuran vertebral column will be explored using
transgenic and morpholino techniques.249. The Role of Paracrine Factors in the Production of the Turtle
Carapace: A Hypothesis. Judith Cebra-Thomas, F. Tan, C. Kim, and
Scott Gilbert. Swarthmore College, PA.
The turtle shell is a morphological innovation that is the basal
synapomorphy for all Chelonians. The shell includes a dorsal carapace
and a ventral plastron, connected by a bridge from the plastron bones.
In forming the shell, normal vertebrate development is altered and 50
novel bones are produced. Recent research has suggested four major
steps in the formation of the turtle shell: (1) the formation of a pair of
carapacial ridges in the dorsal trunk of the turtle; (2) the entry of the
ribs into the carapacial ridges and the expansion of the ridges; (3) the
formation and fusion of the costal bones of the carapace above the ribs;
and (4) the formation of the plastron bones. Recent studies based on the
development of the red eared slider Trachemys scripta allow us to
propose an outline of how the carapace might be formed. Organ culture
studies using specific inhibitors and in situ hybridizations show that
fibroblast growth factors are involved in the induction or maintenance of
the carapacial ridge, and that they are also critical in directing the
migration of ribs into the carapacial ridges. An interaction between
Fgf10 in the carapacial ridge mesoderm and Fgf8 in the ribs appears to
be responsible for extending the dermis laterally. When the ribs undergo
endochondral ossification, they produce other paracrine factors such as
bone morphogenetic proteins (BMPs). Our studies suggest that these
factors induce the surrounding and overlying dermis to become bone.
Moreover, as the cells become bone, they also produce BMPs, thereby
propagating the BMP signal for ossification. This model would explain
the sudden appearance of the turtle carapace in the late Triassic.250. Msx2 Controls Hair Shaft Differentiation. Jing Cai, Daniel Gonza-
lez, and Liang Ma. Tulane University, New Orleans, LA 70118.
Mutation in the homeobox gene Msx2 results in cyclic alopecia and
defeats in hair shaft differentiation. Molecular analyses suggest a Msx2/
Foxn1/keratin pathway is involved. Here we have probed the genetic
interaction between Msx2 and Foxn1. Msx2(/)Foxn1(+/) and double
mutant mice were generated by crossing the two mutants. Msx2(/)
Foxn1(+/) mice lose hair earlier than Msx2 mutants and show a much
more severe hair differentiation phenotype, while the double mutant mice
have no hair or whisker at all. The cortical keratins mHa3 and krt2-19 are
significantly downregulated in Msx2 mutants, further reduced in Msx2(/
)Foxn1(+/) mice, and no expression can be detected in Msx2 and Foxn1
double mutants. Msx2 is also required for proper medulla and cuticle
differentiation. In situ hybridization results suggest that Msx2 controls the
Notch signaling pathway, which is responsible for the differentiation of
medulla and cuticle, providing a rationale that Msx2 has a role in cell fate
decision.
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Development. Daniel A. Lightfoot and Christer Ho¨o¨g. Dept. of Cell
and Molecular Biology, Karolinska Institute, SE-171 77 Stockholm,
Sweden.
Due to the historic difficulty in identifying and studying primary (whole
chromosome) aneuploidies during normal murine embryonic development,
analysis of the consequences of aneuploidy on development has been
limited to the study of secondary (Robertsonian) or tertiary (partial,
segmental) aneuploidies. The absence of synaptonemal complex protein 3
(SYCP3) in female mice generates primary aneuploid oocytes at a rate 30
times higher than what is observed in wild-type mice, granting a novel
model system for the study of how primary aneuploidy affects murine
development. We find that primary aneuploid embryos derived from
SYCP3-null females can implant into the female uterine tissue and initiate
the gastrulation process (E6.5). Starting at E7.0, however, the embryo
begins to display a set of abnormal morphological signs, following a
singular, temporally conserved degradation process and succumb by
E8.5. This apoptotic response to systemic primary aneuploidy is p53-
independent and does not result from a failure to progress through mitosis.
Our results show that primary aneuploid embryos, in contrast to what has
been observed for secondary and tertiary aneuploid conceptus, fail to
develop beyond E8.5.252. Anterior–Posterior Patterning by RA and the Evolutionary
Origin of Cardiac Chambers. Jose Xavier Neto,1 Marcos S.
Simo˜es Costa,2 Chao Yun I. Yan,3 and Brad Davidson4. 1Lab.
Gen. Mol. Cardiol. Heart Institute, University of Sao Paulo-SP
05403-900 Brazil; 2Lab. Gen. Mol. Cardiol. Heart Institute, Uni-
versity of Sao Paulo-SP 05403-900 Brazil; 3Department of Cell
Biology and Development, University of Sao Paulo-SP 05508-900
Brazil; 4Department of Molecular and Cell Biology, Division of
Genetics and Development, University of California, Berkeley, CA
94720.
Combining studies on cardiac anterior –posterior (AP) patterning,
comparative cardiac anatomy, and expression patterns of retinoic acid
(RA) synthetic enzymes, we suggest a new paradigm for vertebrate cardiac
development and evolution. Our paradigm pictures hearts as pumps
projected to perform the dual functions of inflow and outflow, functions
dispensed by units, the cardiac chambers. We propose that the inflow–
outflow project is expressed in the dorsal–ventral chamber organization
typical of the S-shaped vertebrate heart. The inflow–outflow pattern is laid
down early in development as an AP code established by differential RA
signaling, dividing the cardiac field into precursors of sinus venosus plus
atrium (inflow) and ventricle plus conus arteriosus (outflow). We propose
that cardiac AP patterning by RA is a common vertebrate theme, but that
the basic elements required for partition of the heart in this axis are already
present in basal chordates. Furthermore, we speculate that the ancestral
chordate had a main urochordate-like pump into an amphioxus-like
vasculature. This pump was retained in urochordates, most likely regressed
in cephalochordates and developed further in vertebrates to give rise to their
typical four-chambered hearts.253. Cartilage Development: Insights from Studies on Invertebrate
Taxa. Alison G. Cole and Brian K. Hall. Dalhousie Univ., Halifax
NS, Canada.
Cartilage is a tissue reported from many invertebrates, yet little is
known of its homology among the different metazoan lineages. Develop-
ment of vertebrate cartilage has been used for both discussions of cartilage
evolution and its classification. Vertebrate cartilage can derive from either
mesoderm or ectoderm (neural crest), and cartilages from either germ layershow similar modes of differentiation, molecular constituents, and specifi-
cation pathways, supporting the notion of homology of vertebrate cartilages
regardless of embryological origin. Investigations into the development of
invertebrate cartilages can thus provide valuable information for use in
assessing the homology of cartilage among the different metazoan lineages,
and yet sparse amounts of developmental data are available from inverte-
brate sources. We have undertaken a comparative study of the histology and
differentiation of cartilages from sabellid polychaetes, cephalopod mol-
luscs, and chelicerate arthropods, and find that invertebrate cartilages are
similar not only to vertebrate cartilage, but also to unmineralized vertebrate
bone: exhibiting cell –cell contacts and expression of bone specific mole-
cules. Invertebrate cartilages most often form directly from loose mesen-
chyme, although within cephalopods, the earliest forming cartilages
develop from a condensation of cells, similar to vertebrate primary cartilage
formation. There is a minimal body size requirement for cartilage forma-
tion, below which cartilage is absent, exemplified in both cephalopods and
annelids. Our data suggest that, at a histological level, cartilage differen-
tiation is similar in both vertebrates and invertebrates. (Supported by
NSERC grants 44102, 40519.)254. Problems with Characterizing the Protostome–Deuterostome
Ancestor. Paul A. Nelson1 and Marcus R. Ross2. 1Discovery Insti-
tute, Seattle, WA 98101; 2Univ. of Rhode Island, Kingston, RI 02881.
Since Darwin’s time, the origins and relationships of bilaterian animals
have remained unsolved problems in historical biology (Conway Morris,
2000). One of the central difficulties is characterizing the common ancestor
of the protostomes and deuterostomes. We argue that an unresolved
conceptual puzzle has plagued the many attempts to describe this Urbila-
terian, or, in Erwin and Davidson’s (2002) terminology, the protostome-
deuterostome ancestor (PDA). Any organism sophisticated enough to be a
realistic candidate for the PDA, with such characters as an anterior–
posterior axis, gut, and sensory organs, must itself have been constructed
by a developmental process, or by what we term an ontogenetic network
(Nelson and Ross, 2003). But the more biologically plausible the PDA
becomes, as a functioning organism within a population of other such
organisms, the more it will tend to ‘‘pull’’ (in its characters) toward one or
another of the known bilaterian groups. As this happens, and the organism
loses its descriptive generality, it will cease to be a good candidate
Urbilaterian.255. The g-ear of Adaptor Protein 1: Involvement in Endocytosis. Erin
A. Jezuit,1 Judith M. Thorn,1 and Brian K. Kay2. 1Knox College,
Galesburg, IL 61401; 2Argonne National Laboratory, Argonne, IL
60439.
Clathrin-coated vesicles play an important role in receptor-mediated
endocytosis. Many known examples of ligands involved in endocytosis
throughout development include the RTK, Notch, Hedgehog, TGF-h, and
Wnt/Wingless signaling. Studies on the trafficking of these proteins suggest
that endocytosis plays a critical part in activating signaling. Usually,
receptor-mediated endocytosis occurs with aid from clathrin adaptor com-
plexes that interact with the specific ligands being trafficked into cell via
receptors on the plasma membrane. The adaptor complexes include four
protein subunits including two appendages on each of the large subunits.
Specifically, we looked at the g-ear appendage of adaptor protein 1 (AP1).
Using phage-display techniques, we were looking for peptide ligands,
similar to the already accepted ligands containing the motif pattern of W-
X-X-W, that interact with the C-terminal of the g-ear. BLAST searches are
being conducted to determine if any of the ligand motifs we discovered
match with proteins seen to be involved specifically with developmental
processes. Specific examples of motif patterns being analyzed include
WGPW, WXWXXY, TXWXXW, WSXYXR, and WGPLXXY.
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Receptor System. Alexei A. Poliakov, Andrea Pasini, and David G.
Wilkinson. National Institute for Medical Research, London NW7
1AA, UK.
Complementary expression of Eph receptors and their membrane-
bound ligands, the ephrins, underlies repulsion or de-adhesion responses
that restrict cell intermingling between adjacent cell populations. The
repulsive action of activated ephrinB proteins may be reversed by
phosphorylation of their tyrosine residues in cytoplasmic tails by FGF-
receptor (FGFR). However, the roles and mechanisms underlying this
apparent antagonism, or the possible cross talks between FGF-receptor
signalling and Eph-receptor/ephrin system, are not known. In this work,
we studied the effect of constitutively active FGFR1 on EphB2-receptor/
ephrinB1 system in cell culture experiments. We showed that ephrinB1
was co-immunoprecipitated with dominant active FGFR1 when they
were co-transfected in culture cells. Co-expression with FGFR1 resulted
in phosphorylation of ephrinB1 and EphB2 in unstimulated cells, which
is independent of Src-kinase activity. We demonstrated that expression of
dominant active FGFR1 has an opposite effect on unidirectional endo-
cytosis of EphB2 and ephrinB1 in culture cells and results in the
decrease of their protein level in zebrafish embryos at 1000-cell stage.
Our data suggested that FGFR1 could modulate ephrinB1/EphB2-recep-
tor signalling at the level of protein phosphorylation, internalization, and
degradation.257. An FGFR1 Signaling Mutant Reveals a Requirement for FRS2-
Mediated Signaling in Development of Limbs and Posterior
Structures. Rene´e V. Hoch and Philippe Soriano. FHCRC/UW,
Seattle, WA.
Loss-of-function studies have highlighted essential developmental
functions of fibroblast growth factors and their receptors (FGFRs).
However, the mechanisms by which FGFRs transduce signals in vivo
are still poorly understood. Biochemical experiments have suggested that
FGFRs signal primarily via FRS2 (a, h) adaptor proteins. Upon FGFR
activation, FRS2 adaptors become tyrosine phosphorylated and recruit
signaling proteins to initiate MAPK and PI3K signal transduction.
FGFR1 is essential for mesodermal migration during gastrulation, as
well as for several later roles including somitogenesis, neurulation, axial
(A–P) patterning, and digit formation. To determine which of these
functions require signaling through FRS2 adaptors, we have generated
mice harboring a deletion in the FGFR1 signaling domain that abrogates
the FRS2 interaction without otherwise affecting receptor function. This
FGFR1D FRS2 mutation results in embryonic lethality, and the pheno-
types of mutant embryos indicate context-specific requirements for
FRS2-mediated signaling downstream of FGFR1. Homozygous FGFR1D
FRS2 embryos survive as late as E13.5 with defects in posterior
development, neural tube closure, and digitation. However, the mutant
receptor provides significant rescue of the early (E7.5–E9.5) lethality,
gastrulation, and somitogenesis defects observed in FGFR1 null studies.
In an effort to understand how the mutant receptor is able to rescue
FGFR1 functions in some but not all developmental contexts, we are
analyzing the FGFR1DFRS2 mutant phenotypes and performing bio-
chemical studies of signaling downstream of this mutant receptor in
primary cells.258. Hedgehog in Epithelial to Mesenchymal Transitions in the Sea
Urchin Lytenchinus variegatas. Katherine D. Walton,1 Philip L.
Hertzler,2 Hanna C. Kim,1 and David R. McClay1. 1Duke University,
Development, Cell and Molecular Biology Group, Box 91000 LSRC,
Durham, NC 27710; 2Central Michigan University, Department of
Biology, Mt. Pleasant, MI 48859.Hedgehog (Hh) is a morphogen that is critical in cell –cell communi-
cation between tissue compartments for control of specification and
proliferation. Cancer can be viewed as the inappropriate activation of
developmental programs such as those that induce differentiation, prolifer-
ation, and epithelial to mesenchymal transition (EMT). Alterations in
several components of the Hh pathway have been found in various types
of cancer. Hh has also been implicated in EMT in developing mouse
embryos although the mechanism by which the Hh pathway works in that
model is not well understood. The morphogenetic events of gastrulation in
the sea urchin include two EMTs and thus allow continuous observation of
EMT as it occurs. The developmental expression profile for Hh mRNA is
consistent with a role in endomesoderm specification and morphogenetic
movements as the EMTs occur. Our preliminary data indicate that blocking
Hh signaling increases EMT, suggesting that inhibition of Hh may be
required for EMT in sea urchin embryos. In addition, overexpression of Hh
leads to increased numbers of cells that fail to migrate away from the
epithelium. Together, these results suggest that Hh is a negative regulator of
EMT, migration, and specification of the migratory cells in sea urchin
embryos. Current studies include identifying upstream modulators and
downstream targets of Hh signaling in an effort to place this pathway
within the sea urchin gene regulatory network.259. DevelopmentalMutation Draemong inCiona savignyiReveals Link
between Atrial Siphon Formation andGill Slit Induction.Nathan K.
Silva,1 Matthew J. Kourakis,1 Yuki Nakatani,2 and William C. Smith1.
1Univ. of California-Santa Barbara, Santa Barbara, CA 93106; 2Tokyo
Institute of Technology, Yokohama, Kanagawa 226-8501, Japan.
The spontaneous developmental mutant Draemong (dra) was isolated
from a wild population of the ascidian species Ciona savignyi. Animals
homozygous for this recessive mutation have distinct larval and juvenile
phenotypes. The dra/dra larvae are characterized by a malformed trunk and
head that appears to result from abnormal ectodermal morphogenesis.
Moreover, the ectodermal defects in dra/dra larvae include the absence of
the atrial siphon primordia, structures that have been equated with the
vertebrate otic placodes. Mutant larvae are able to undergo metamorphosis
into juveniles, but lack the ectodermal atrial siphons and gill slits in the
pharyngeal endoderm. The close opposition of the gill slits and the atrial
siphons in normal ascidians suggest a relationship between the absence of the
atrial siphon primordia in dra/dra tadpoles and the absence of gill slits in
juveniles. We have investigated this possibility with laser ablation. Bilateral
ablation of one atrial siphon primordia resulted in juveniles lacking one set of
gill slits, suggesting an inductive role of the primordia in perforation of the
pharyngeal endoderm. The molecular nature of the dra mutation is currently
unknown, but using bulked segregant analysis, we have mapped the
corresponding gene to a small region of the genome. A number of techniques
are currently being used to identify the responsible gene within this region.260. Crm-1 is a Facilitator of the bmp Pathway in Worm to Control the
Body Morphology. Y. F. Wong and K . L. Chow. Dept. of Biology,
Hong Kong Univ. of Sci. and Tech., Clear Water Bay, Kowloon, Hong
Kong.
Crim1 encodes a putative transmembrane protein containing multiple
repeats of the cysteine-rich domain (CR domain) that is found in several
extracellular BMP regulatory proteins such as chordin, twisted gastrulation,
and procollagen IIA. The homolog of Crim1 was identified in C. elegans.
Nematode CRM-1 protein shares high homology to human and mouse
Crim1 products. It contains six conserved CR domains, a putative
transmembrane domain at the C-terminus, an insulin-like growth factor-
binding protein domain, and a N-terminal signal peptide. In C. elegans, a
BMP signaling pathway (dbl/sma) with many conserved downstream
signaling components controls body morphology. We used this nematode
Abstracts 603model to ask whether crm-1 plays any regulatory role in the dbl-1 signaling
pathway. In our study, endogenous crm-1 gene activity in the worm was
knocked-down by RNA-mediated interference. The animals displayed a
small body phenotype reminiscent to that of mutants of the dbl signaling
pathway. Epistatic analysis of crm-1 and dbl-1 downstream components
shows that crm-1 acts upstream of pathway. The loss-of-function crm-1
phenotype can be suppressed by constitutively supplying sma function. We
also showed that crm-1 is expressed in pharyngeal neurons, male tail
sensory ray neurons, and the ventral nerve cord, where it has been reported
to express the DBL-1 ligand. All these results together suggest a role for
crm-1 in facilitating BMP signaling in C. elegans to control the body
morphology.261. Using Drosophila System to Search for Human Genes Involved in
EGFR Signaling. Li-Mei Pai and I-Ching Lee. Chang-Gung Univ.
Tao-Yuan, Taiwan.
Using mis-expression system in Drosophila, the roles of several
human genes involved in the regulation of the EGFR signaling are
elucidated. It has been well recognized that the EGFR activity is not
only critical for patterning the dorsoventral axis of embryo and egg shell
in Drosophila follicular epithelium, but also influences the border cell
migration during Drosophila oogenesis. Human genes were ectopically
expressed in follicle cells of a sensitized genetic background of Drosoph-
ila where follicle cells were forced to overexpress D-cblL, a negative
regulator of the EGFR signaling. Five human genes identified blocked the
suppressive effect of the D-cblL; three were known genes and two were
novel genes with no apparent function assigned. A similar approach using
a normal genetic background of Drosophila leads to the identification of
one known and two novel human genes that interrupted border cell
migration. Interestingly, the distribution of DE-cadherin was affected in
these border cells, which may account for the delay in migration. The
detailed mechanisms of the effects of these genes on EGFR signaling will
be described.262. MibL is a Second E3 Ubiquitin Ligase of mib Family and
Promotes DeltaC Internalization. Qing Li, Chengjin Zhang, and
Yun-Jin Jiang. Institute of Molecular and Cell Biology, 1 Research
Link, Singapore 117604.
Notch signaling mediates essential cell – cell communications in a
wide range of developmental processes via membrane-bound Delta ligand
and Notch receptor. Precise regulation of Notch signaling activity is
critical for the development of many different tissues. Genetic screens
in fruit fly have identified many genes important for Notch signaling, for
example, Delta, Notch, Suppressor of Hairless, and recently in zebrafish,
mib, encoding a RING-dependent E3 ligase. We cloned a novel zebrafish
gene, mibL, whose protein has similar structure domains to those of Mib.
In vitro ubiquitination assay shows that MibL, like Mib, is an E3
ubiquitin ligase. Both MibL and Mib can bind DeltaC, which leads to
a C-terminal RING-dependent ubiquitination. Similar to Mib, the inter-
action of MibL with DeltaC enhances DeltaC internalization. When MibL
was transfected alone, it was distributed in the cytoplasm and typically
excluded from the nucleus. When co-transfected, however, MibL and
DeltaC mutually redistribute in the cells: while most of the DeltaC tended
to be internalized to the cells and accumulated in perinuclear vesicles,
where it colocalized largely with MibL, DeltaC showed a reduced
accumulation in intracellular vesicles when co-transfected with different
MibL mutants. But for MibL without RING fingers, it did not promote
the internalization of DeltaC in majority of the co-transfected cells
observed. These data clearly indicate that MibL behaves like Mib in
ubiquitylating DeltaC and promoting its subsequent internalization in a
most C-terminal RF-dependent manner.263. Retinoic Acid as a Morphogen During Early Zebrafish Develop-
ment. Richard J. White and Thomas F. Schilling. Univ. of California,
Irvine, CA 92697.
Retinoic acid (RA) is a key signaling molecule during embryogenesis
and has been proposed to act as a morphogen in the hindbrain, acting
directly on cells at a distance to specify different cellular fates in a
concentration-dependent manner. We are investigating whether RA signal-
ing in the zebrafish hindbrain fulfils both these criteria. We have used a cell
transplantation system coupled with an RA-responsive transgene (RARE-
YFP) to ask whether RA is able to act directly on cells at a distance. We are
able to rescue expression of the RARE-YFP transgene in the hindbrain by
transplanting cells overexpressing RA into the somitic mesoderm of a host
unable to synthesize RA. Expression of the transgene in these embryos,
deficient for the RA-synthesizing enzyme retinaldehyde dehydrogenase 2,
shows that RA can signal over many cell diameters without the intervening
cells relaying the RA signal. However, it is difficult to interpret the range
over which rescue occurs given cell rearrangements during gastrulation.
Therefore, we have also performed transplants at later stages (6–10
somites). In this experiment, we have confirmed the requirement for RA
produced by the mesoderm and shown that neural tube cells at these stages
are still competent to respond to RA signaling at a distance of at least 12
cell diameters. Hoxb4–b5 have different anterior extents of expression in
the hindbrain and are both regulated by RA. Previous experiments have
shown that RA-expressing cells can rescue expression of hoxb4 in the
hindbrain, and we are currently investigating whether local sources of
different concentrations of RA can rescue expression of different hox genes
at different distances from the source.264. Overexpression of Zebrafish Frizzled 7a and 7b Alters Cell
Movements Associated with Gastrulation. Michelle N. Knowlton
and Greg M. Kelly. Department of Biology, University of Western
Ontario.
Noncanonical Wnt signalling pathways are implicated in both zebrafish
and Xenopus as the molecular coordinator of the gastrulation movements
responsible for germ layer formation. While Xenopus studies show that
Frizzled 7 activates at least two noncanonical signalling pathways, it is less
clear in zebrafish which, if any, of the signalling components are down-
stream of Frizzled 7. In Xenopus, there are two orthologous Frizzled 7
genes encoding nearly identical open reading frames and with identical
expression patterns. In zebrafish, however, there are two Frizzled 7 genes
encoding proteins that are only 87% identical and exhibiting different
expression patterns (Sumanas et al., 2002). The impact on zebrafish
development when either Frizzled ortholog is overexpressed is seen as
delays in gastrulation that produce trunk and tail defects, similar to those
that occur when noncanonical Wnt signalling is perturbed. Rescue experi-
ments using downstream components of the Xenopus noncanonical Wnt
pathways indicate that Frizzled 7 homologs in zebrafish signal through
different noncanonical players. In addition, we show that overexpression of
Frizzled 7b, but not Frizzled 7a, is rescued by myosin regulatory light chain
interacting protein (Mir), a member of the Band 4.1 superfamily, and its
binding partner Annexin V. Although Mir is an essential protein required
for normal embryogenesis (Knowlton et al., 2003), its role with Annexin V
in the noncanonical Wnt signalling pathway(s) that directs zebrafish
gastrulation remains to be determined.265. AP-2-Dependent Ectodermal Signals Regulate Skeletogenesis of
Zebrafish Neural Crest. Thomas F. Schilling, Yashar Javidan, and
Robert D. Knight. Univ. of California, Irvine, CA 92697.
The migration of cranial neural crest cells (NCC) and their interactions
with surrounding epithelia are essential for the patterning of the craniofa-
Abstracts604cial skeleton. Three transcription factors of the AP-2 family (tfap2a, tfap2b,
and tfap2g) are all expressed in NCC, and loss-of-function mutations in
tfap2a in both zebrafish and mice cause craniofacial defects. We have
shown that zebrafish tfap2a plays a cell autonomous role in the specifica-
tion of a subset of NCC by regulating hox gene expression. Here, using
genetic mosaics, we show that AP-2 proteins also regulate signals from the
surface ectoderm that induce skeletal differentiation in NCC. We identified
a zebrafish tfap2b and were surprised to find that it is not expressed in
NCC, but is later co-expressed with tfap2a in facial ectoderm. Morpholino
oligonucleotides targeted to tfap2b had no effect on wild-type zebrafish
embryos, but injection into tfap2a mutants caused apoptosis of ectodermal
cells, suggesting that tfap2a and tfap2b are partially redundant in the
ectoderm. These embryos also had dramatic skeletal defects, suggesting
that tfap2a and tfap2b together regulate an ectodermal signal required for
skeletal induction. To test this, we transplanted the ectoderm into tfap2a
mutants and found that this locally rescues NCC-derived cartilage. We
propose that AP-2 proteins act in two separate aspects of NCC develop-
ment: (1) for specification of skeletal precursor cells, and (2) for ectoder-
mal signals that control skeletogenesis. The coordinated action of these
pathways regulates the proper spatiotemporal patterning of craniofacial
cartilage and bone.266. Genetic Analysis of Photoreceptor Cell Development in the Zebra-
fish Retina. James M. Fadool, Aaron Davis, and Mellisa Merritt.
Florida State University, Tallahassee 32306.
The laminar organization of the vertebrate retina is complemented by
the nonrandom, mosaic organization of neuronal populations within each
of the layers. However, developmental mechanisms leading to mosaic
formation remain largely unknown. In this study, genetic methods were
employed to investigate the role of cell-to-cell interactions in the forma-
tion of the photoreceptor mosaic in zebrafish. Image analysis of clonal
populations of cells in embryo chimeras suggested roles for both cellular
migration and local cell –cell interactions in mosaic formation. At various
stages of development, neurogenesis was manipulated by the transient
expression of the active form of zebrafish Notch1a (the notch intracellular
domain; NICD) using the GAL4/UAS system under the control of the
hsp70 promoter (Scheer et al., 2001, Development 128, 1099–107). As
previously reported, overexpression of NICD at early stages of develop-
ment dramatically altered retinal lamination, blocked neurogenesis, and
promoted gliogenesis. However, induction of NICD during photoreceptor
cell genesis had little affect upon the inner retina but resulted in dramatic
changes in the patterning and differentiation of the cone photoreceptors,
reduced the number of rods, and altered their distribution. Surprisingly, in
embryos allowed to survive for several days after heat shock, the mosaic
recovered in the newly generated cells at the retinal margin. These data
suggest that the vertebrate photoreceptor cell mosaic is derived by local
interactions between differentiating neuroblasts and demonstrated an
autonomous property of the neuroepithelial cells in forming neuronal
mosaics.267. ErbB Signals in Early Xenopus Development. Shuyi Nie and
Chenbei Chang. University of Alabama at Birmingham, Birmingham,
AL 35294.
ErbB signals have long been implicated in cancer formation and
progression, and are shown to regulate cell division, migration, and death
during tumorigenesis. The function of ErbB pathways during early verte-
brate embryogenesis, however, is not well understood. Here we report the
characterization of ErbB activities during early development of one
vertebrate model, Xenopus laevis. Gain-of-function analyses via overex-
pression show that ErbB2 and ErbB4 stimulate mesodermal marker
expression in ectodermal explants and induce ectopic tail-like structurescontaining both muscle and neural tissues in whole embryos. Increased cell
proliferation is observed in these ectopic protrusions. Loss-of-function
studies using an ErbB-specific chemical inhibitor demonstrate that ErbBs
are required for intact muscle development, head formation, and embryonic
cell division during early Xenopus development. These data, together with
the observation that ErbBs are expressed early during frog embryogenesis,
suggest that ErbB signals regulate cell proliferation and differentiation in
early Xenopus embryos. Our results thus reveal an important aspect of the
ErbB receptor tyrosine kinase pathways in modulating different processes
during early frog development.268. The Role of Platelet-Derived Growth Factor Signaling During
Gastrulation in Xenopus laevis.Melanie Van Stry and Karen Symes.
Boston Univ., Boston, MA.
Gastrulation is the stage during development in which the primary
germ layers are first established in the vertebrate embryo. Using frogs
(Xenopus laevis) as a model system, our laboratory has previously shown
that platelet-derived growth factor receptor (PDGFR) signaling is required
for normal gastrulation. Injection of a dominant-negative PDGFR
(PDGFR-37) mRNA results in a range of gastrulation defects, including
incomplete closure of the blastopore, spina bifida, reduced anterior–
posterior axis, and reduced anterior structures. In this study, we have
determined that these defects arise because the involuting mesoderm cells
fail to migrate appropriately. We have found that the prospective head
mesoderm cells accumulate in the blastocoel cavity at the beginning of
gastrulation. These aberrant cells are TUNEL positive and undergo
apoptosis by the caspase 3 pathway. Embryos injected with PDGFR-37
mRNA have an increased caspase 3 activity compared to control embryos.
Moreover, co-injection of Bcl-2 mRNA or caspase inhibitors rescues this
cell death, but not the gastrulation defects. These data suggest that PDGFR
signaling is required for mesoderm cell adhesion to the blastocoel roof, cell
survival, and cell migration. We are currently utilizing the FKBP12-
PDGFRa chimera protein and chemical inducer of dimerization system
to dissect the PDGFRa signaling pathway during gastrulation. This system
allows an in vivo structure– function analysis of the PDGFRa to determine
which downstream effectors are responsible for the different responses to
PDGFR signaling in mesoderm cells.269. Glypican4 Modulates FGF Signaling and Regulates Dorsoventral
Forebrain Patterning in Vertebrate Embryos. Antonella Galli,1
Agnes Roure,2 Rolf Zeller,1 and Rosanna Dono2. 1Univ. of Basel
Medical School, Basel 4056, Switzerland; 2IBDM, Marseille 13288,
France.
During early vertebrate development, the forebrain arises from the
anterior neuroectoderm and is subdivided into distinct anterior–posterior
(A–P) and dorsoventral (D–V) domains as development proceeds. Prog-
ress toward the understanding of the genetic control of forebrain patterning
has been made through the identification of signaling centers, key regula-
tory genes, and the signals controlling A–P and D–V patterning. In
Xenopus embryos, the temporal and spatial distribution of Glypican4
(Gpc4) transcripts during gastrulation and neurulation suggests functions
in early development of the central nervous system (CNS). We have
functionally analyzed the role of Xenopus Gpc4 by using antisense
morpholino oligonucleotides and show that Gpc4 is part of the signaling
network that patterns the forebrain. Depletion of GPC4 proteins results in a
pleiotropic phenotype. Molecular analysis shows that posterior axis elon-
gation during gastrulation is affected while head and neural inductions are
apparently normal. Moreover, during neurulation, loss of GPC4 disrupts
expression of dorsal forebrain genes like Emx2, while genes marking the
ventral forebrain and posterior CNS remain expressed. This loss of GPC4
activity also causes apoptosis of forebrain progenitors during neural tube
Abstracts 605closure. Biochemical studies establish that GPC4 binds FGF2 and modu-
lates FGF signal transduction. Inhibition of FGF signal transduction pheno-
copies the loss of gene expression and apoptosis in the forebrain. We
propose that GPC4 regulates D–V forebrain patterning by positive mod-
ulation of FGF signaling.270. Ectoderm Microdomains (Lipid Rafts) Regulate Myotome For-
mation in Somites of the Chicken Embryo. Wilfred F. Denetclaw
Jr., Bryan R. Kuo, Juni Samos, Ha Nam Nguyen, and Shayin S.
Gottlieb. Biology Department, San Francisco State University, San
Francisco, CA 94132.
The ectoderm signals the development of the somite dermomyotome, an
epithelial layer that gives rise to myotome and dermatome cell lineages.
However, it remains unclear how signals are delivered to the dermomyo-
tome for regulation of myogenesis. We have identified dermomyotome-
derived filopodia that stably connect dermomyotome cells to the ectoderm
and whose formation coincides with early growth of the epaxial myotome.
Lipophilic vital dye labeling showed cellular activities where punctate
fluorescent particles were in the dermomyotome and ectoderm, and were
transported in the filopodia in an ectoderm to dermomyotome direction.
This suggested that the punctate lipid particles could be microdomains
(lipid rafts) that function in myogenesis. To confirm the presence of lipid
rafts, we labeled somite tissue sections with Cholera Toxin B and GM1
antibodies that positively labeled these specialized microdomains in the
ectoderm, dermomyotome, and filopodial structures. To examine their
function, we disrupted ectodermal lipid rafts using methyl-h-cyclodextrin
(MBC). We found that MyoD and early muscle proteins (Titin, Desmin)
were inhibited in newly differentiating somites after 6–8 h of MBC
treatment, while segmentation and compartmentalization occurred normal-
ly, including PAX-1 expression. Therefore, we conclude that the dermo-
myotome-derived filopodia transport ectodermal microdomains (lipid rafts)
and function in the signaling of early myogenesis in somites. (Supported by
NIH Grants P20 CA91471-01, P20 RR11805, P20 MD00262, and P20
MD000544.)271. A Proliferative Role for Frizzled-10 in the Dorsal Neural Tube.
Roeben N. Munji,1 Lisa M. Galli,1 Rowena Mae O. Suriben,1 Michael
R. Stark,2 and Laura W. Burrus1. 1Department of Biology, San
Francisco State University, 1600 Holloway Ave., San Francisco, CA
94132; 2Department of Physiology and Developmental Biology,
Brigham Young University, Provo, UT 84602.
Secreted signaling factors, Wnt-1 and Wnt-3a, have been implicated in
the regulation of both proliferation and fate specification within the
developing neural tube. The mechanisms by which Wnt-1 and Wnt-3a
activate dual cellular responses have not been completely defined. How-
ever, it has been suggested that frizzleds may confer the signaling
specificity of Wnts. Analysis of the expression patterns of frizzled homo-
logues by several groups has identified Frizzled-10 (Fz10) as a candidate
Wnt-1/3a receptor. Our analysis of chick fz10 expression confirms its co-
expression with Wnt-1 and Wnt-3a in the dorsal neural tube. These findings
have led us to hypothesize that Fz10 may mediate Wnt-1/3a signaling in the
dorsal neural tube. Utilizing in ovo electroporations, I have tested the
requirement and sufficiency of Fz10 for proliferation and fate specification.
Consistent with the proliferative roles of Wnt-1 and Wnt-3a, inhibition of
Fz10 activity with either morpholino or truncated Fz10 results in a
reduction of proliferation in the dorsal neural tube. However, these loss-
of-function analyses show little or no effect on neural crest and dorsal
interneuron lineages. Additionally, ectopic expression of Fz10 reveals little
or no effect on proliferation and neural crest lineages. Currently, we are
testing whether ectopic Fz10 synergizes with ectopic Wnt-3a and whether
Fz10 signals through the aˆ-catenin pathway.272. Analysis of the Role of Sfrps in Modulating Wnt-3a Activity.
Tiffany Barnes,1 Lisa M. Galli,1 Adolph Anglade,1 Pip Francis-West,2
Karl Willert,3 Roel Nusse,3 Paola Bovolenta,4 and Laura W. Burrus1.
1Department of Biology, SFSU, 1600 Holloway Ave, San Francisco,
CA 94132; 2King’s College, UK; 3Stanford University; 4Instituto
Cajal, Madrid.
Secreted Frizzled-related proteins (Sfrps) have been implicated in a
variety of Wnt modulating activities. These proteins possess a high degree
of structural and sequence identity with the cysteine-rich domain of
Frizzled, a Wnt receptor. This similarity between Sfrps and Frizzleds
suggests that they could compete for binding of Wnts, thus inhibiting
Wnt activity and the subsequent Wnt signaling pathway. Comparison of
the expression pattern of sfrps and Wnt-3a suggests the possibility that
Sfrps may interact with Wnt-3a (Baranski et al., 2000). Previous studies
indicate that Sfrp-2 does not inhibit Wnt-3a (Lee et al., 2000), while there
are conflicting reports on the ability of Sfrp-3 to inhibit Wnt-3a. Wang et
al. (1997) and Kazanskaya et al. (2000) show that Sfrp-3 does not inhibit
Wnt-3a activity, while Tzahor et al. (2001) report that it does. To further
examine the possible interaction between Wnt-3a and Sfrps, we developed
a definitive quantitative assay for Wnt-3a and show that Sfrp-1 and 2 are
able to inhibit Wnt-3a activity, while Sfrp-3 cannot. To confirm that Sfrp-2
can inhibit Wnt-3a in vivo, we are co-electroporating Wnt-3a and Sfrp-2
into the chick neural tube and comparing the resultant phenotype to the
well established phenotype of ectopic Wnt-3a (Galli et al., 2004; Megason
et al., 2002).273. Frizzled-1 and Frizzled-7 Mediate Wnt Signaling in Midbrain–
Hindbrain Boundary Formation. Rhonda T. Lassiter, Jamie L.
Jensen, Roland Goode, and Michael R. Stark. Brigham Young
University, Provo, UT 84602.
Wnt-1 is a necessary component of midbrain–hindbrain development.
In a wnt-1 mutant, mesencephalic development is initiated and proceeds
normally up to the 5-somite stage at which time molecular markers begin
to be lost and the mesencephalon diminishes. With the absence of the
mesencephalon, the metencephalon is soon lost indicating a requirement
of a mesencephalic-derived signal for mesencephalic development. We
have identified two candidate Frizzled receptors in chicken that may
mediate Wnt signaling in isthmic boundary formation. Fz-1 is first
apparent at 8-somites in the midbrain and rostral hindbrain. The expres-
sion is in the neural tube but is excluded from the roof plate. The
anterior–posterior expression domain ends abruptly at the r3–4 boundary.
Fz-7 is expressed earlier than fz-1 in the neural plate and ectoderm. Thus,
both fz-1 and fz-7 are possible receptor candidates for Wnt signaling in
establishment of the isthmic boundary. To determine the role of fz-1 and
fz-7 in boundary formation, we inhibited the receptors utilizing siRNA
technology. Inhibition of both fz-1 and fz-7 leads to a loss of isthmic
boundary markers such as fgf-8 and engrailed-1. We conclude that fz-1
and fz-7 act as receptors to mediate Wnt signaling in the development of
the midbrain–hindbrain boundary.274. Expression of Bone Morphogenetic Proteins and Their Receptors
in Developing Nociceptive Neurons. Nichole L. Link and Richard C.
Murray. Hendrix College, Conway, AR 72032.
In the mammalian nervous system, pain is sensed by nociceptive
neurons that reside in the dorsal root ganglia (DRG). These neurons
derive from migrating neural crest cells and are absent in mice deficient
in neurogenin1, ngf, or trkA, indicating that these genes are required for
the generation, differentiation, or survival of these neurons. However,
little is known about the factors that regulate the generation of the
proper number of nociceptive neurons during development or about the
Abstracts606formation of proper connectivity with target tissues. The development of
many types of neurons is regulated by members of the bone morpho-
genetic protein (BMP) growth factor family, and BMP ligands and
receptors are expressed in developing DRGs. Cell culture experiments
have shown that BMPs promote the expression of a neuropeptide known
to be expressed by nociceptive neurons (CGRP, Ai et al., 1999, Mol
Cell Neurosci 14: 506) which together with the expression data suggest
that BMPs may regulate the development or differentiation of nocicep-
tive neurons in vivo. To identify potential functions for the BMPs
during sensory neuron genesis and differentiation, it will be necessary to
determine the precise temporal and spatial pattern of expression of the
ligands and their receptors. We are currently examining the expression
of BMP ligands and receptors in the different cell types in developing
DRGs by in situ hybridization. Determining the expression pattern of
BMP ligands and their receptors in the DRGs during sensory neuron
development will help us to understand potential signaling relationships
between different classes of cells that are generated and that differentiate
in this tissue. (Supported by NIH (P20RR-16460-BRIN Program of
NCRR).)275. A Transgenic Approach for Determining the Role of Bone
Morphogenetic Proteins in the Development of Olfactory Recep-
tor Neurons. Andre´ Wineland,1 Ira L. Blitz,2 Richard C. Murray,1
and Anne L. Calof2. 1Hendrix College, Conway, AR 72032; 2Univ. of
California, Irvine, CA 92697.
Mouse olfactory receptor neurons (ORNs) are generated throughout life
from progenitor cells that reside within the olfactory epithelium (OE).
Proliferation of progenitors and survival of ORNs are positively and
negatively regulated by bone morphogenetic proteins (BMPs) in vitro
and several Bmps are expressed in and around the OE (Shou et al., 2000,
Development 127, 5403) suggesting that BMPs may regulate olfactory
neurogenesis in vivo. To test this, we generated transgenic mice that
overexpress BMP4 or Noggin in the OE to alter intrinsic BMP signaling.
To allow detection of the proteins, Bmp4 and noggin cDNAs were epitope-
tagged and demonstrated to be functional and properly secreted. Expression
was directed to ORNs using the tissue-specific genomic regulatory elements
from the Omp gene (Danciger et al., 1989, PNAS 86, 8565). Ten Omp-
Bmp4 and eight Omp-Noggin lines were generated and transgene expres-
sion was demonstrated using RT-PCR, immunoblotting, or histochemistry.
The line with the highest level of expression was chosen for further
analysis. Decreased numbers of both proliferating progenitors and apoptotic
cells were detected in the OE of both types of transgenics. In addition, the
OE of Omp-Bmp4 transgenics showed decreases in ORN number and OE
thickness, and altered expression of GAP43, a phosphoprotein involved in
neuron maturation and axon growth. These findings demonstrate that
regulation of BMP levels is crucial to the development and maintenance
of neuron number in the OE, and suggest that BMPs also regulate the rate
of ORN turnover. (Supported by grants to ALC: NIH (DC-03583 and HD-
38761) and MOD.)276. Immunodetection of EPF/Cpn 10 in Murine Outgrowths. J. M.
McCammon and Yolanda P. Cruz. Oberlin College, OH.
Early pregnancy factor (EPF) is a 10.8-kDa serum protein that appears
crucial to the development of peri-implantation stage murine embryos.
When grown in vitro, murine embryos fail to produce normal outgrowths in
the presence of anti-EPF antibody. This observation indicates that embryos
themselves produce EPF, and that antibody-mediated inactivation of EPF
results in poor or no outgrowths. In recent years, EPF is homologous to Cpn
10, a mitochondrial chaperonin encoded by the nuclear genome. We sought
to document the presence of EPF/Cpn 10 in murine outgrowths using
epifluorescent and confocal microscopy on murine outgrowths previouslytreated with anti-Cpn 10 antibody. Our results indicate that EPF/Cpn10 is
found in the cytoplasm of outgrown trophoblast cells, but not in the
extracellular matrix. This observation indicates that if EPF/Cpn 10 is
present in embryonic cells, it is localized in the cytoplasm. This is in
contrast with its localization in the maternal ovary, where it is secreted by
follicular cells and later secreted into peri-follicular capillaries.277. Plant Development at Growing Tips and Apical Meristems:
Putting Experiment and Macroscopic-Scale Theory Together.
Lionel G. Harrison,1 David M. Holloway,1 Richard J. Adams,1 and
Patrick von Aderkas,2. 1Univ. of British Columbia, Vancouver, B.C.,
Canada; 2Univ. of Victoria, Victoria, B.C., Canada.
How do plants, including multicellular plants and unicellular algae,
maintain the small size of their active growing regions while they
enlarge the plant and generate branching processes? (1) Experiment
and theory for conifer somatic embryos: cotyledon formation matches
drumskin waveforms: we have studied a clonal population of somatic
embryos of a hybrid larch Larix X leptoeuropaea, showing that the
number of cotyledons is linearly related to embryo diameter in a manner
that quantitatively matches waveforms on a circular disk. This indicates
that the pattern of cotyledons forms as a single entity and requires
explanation by a waveforming mechanism, for example, chemical kinet-
ics (reaction-diffusion) or mechanics (buckling). (2) We have set up 3D
computational programs for growth and shape change catalyzed by a
reaction–diffusion-patterned growth catalyst in the growing tip or apical
meristem. This requires manipulation in the computer of a 3D triangu-
lated mesh to represent an arbitrary shape continually changing and
increasing in size so that many new triangles must be added. This part of
the program is to be extended for use to study mechanical as well as
chemical mechanisms. (3) A specific aspect of tips and meristems is that
they must act to limit their own size by control of their boundaries. We
are studying, by computation, how this feature may arise in chemical
reaction–diffusion mechanisms.278. Two Components of a Secreted Cell-Number Counting Factor
Bind to Cells and Activate Distinct Signal Transduction Pathways
to Regulate Tissue Size in Dictyostelium. Richard H. Gomer, Debra
A. Brock, Karen Ehrenman, Robin Ammann, and Yitai Tang. HHMI/
Rice University, Houston, TX.
A secreted 450-kDa complex of proteins called counting factor (CF) is
part of a negative feedback loop that regulates the size of the groups formed
by developing Dictyostelium cells. Two components of CF are countin and
CF50. Both recombinant countin and recombinant CF50 decrease group
size in Dictyostelium. Computer simulations predict that group size can be
decreased by increasing motility and decreasing adhesion (causing cells to
leave an excessively large group), and both countin and CF50 increase
motility and decrease adhesion. countin cells have a decreased cAMP-
stimulated cAMP pulse while recombinant countin potentiates the cAMP
pulse. cf50 cells have an increased cAMP pulse while recombinant CF50
decreases the cAMP pulse, suggesting that countin and CF50 have opposite
effects on cAMP signal transduction. In addition, countin and CF50 have
opposite effects on cAMP-stimulated erk2 activation and very different
effects on cell-type differentiation. Cells bind both recombinant countin and
recombinant CF50 but with different affinities. Countin and CF50 require
each other’s presence to affect group size, but the presence of countin is not
necessary for CF50 to bind to cells, and CF50 is not necessary for countin
to bind to cells. This indicates that a signal transduction pathway activated
by countin binding to cells modulates a different signal transduction
pathway activated by CF50 binding to cells, and vice versa. This then
suggests that separate components of a multi-subunit factor activate
separate pathways to regulate tissue size.
Abstracts 607279. Bacterial Peptidoglycan and Lipopolysaccharide Work in Synergy
to Induce Tissue Morphogenesis in the Squid-Vibrio Association.
Tanya A. Koropatnick,1 Jacquelyn T. Engle,2 Michael A. Apicella,3
Eric V. Stabb,4 William E. Goldman,2 and Margaret J. McFall-Ngai1.
1Univ. of Hawaii, Honolulu, HI 96813; 2Washington Univ. St. Louis,
MO 63110; 3Univ. of Iowa, Iowa City, IA 52242; 4Univ. of Georgia,
Athens, GA 30602.
Recent studies of animal–bacterial interactions have shown that the
microbial partner can have a profound influence on the development of host
tissues, but little is known about the molecular dialogue that mediates these
developmental programs. We found that peptidoglycan (PGN) and lipopoly-
saccharide (LPS), conserved bacterial envelope components that can induce
pathological tissue remodeling during bacterial infection, work synergisti-
cally to direct host tissue morphogenesis in the beneficial association
between the squid Euprymna scolopes and the Gram-negative bacterium
Vibrio fischeri. PGN alone caused hemocyte infiltration and PGN worked in
synergy with LPS to trigger apoptosis and epithelial regression. The active,
exported component of V. fischeri PGN was identical to tracheal cytotoxin
(TCT), a subunit released by Bordetella pertussis that induces the cytopa-
thology of whooping cough. We are currently identifying regions of TCT
interaction within the host tissues using a fluorescein-coupled TCT deriva-
tive. We are also examining the effects of TCT on host gene and protein
expression to determine differences in beneficial and pathogenic tissue
remodeling in response to TCT. These studies show that bacterial compo-
nents known to mediate the pathology of infections can also be powerful
inducers of animal development. (Funded by NSF IBN0211673, NIH
AIR0150661, and a Canadian NSERC scholarship to T. Koropatnick.)280. The Small GTPase RhoA Is Essential for Gastrulation in the Sea
Urchin Embryo. Wendy S. Beane,1 Jeffrey M. Gross,2 and David R.
McClay1. 1Duke University, Durham, NC 27708; 2Harvard University,
Cambridge, MA 02138.
Although gastrulation is a critical time during embryonic development,
the signaling pathways involved are only just being revealed. The Rho family
of small GTPases is known tomediate both actin cytoskeletal rearrangements
and downstream gene expression, making them excellent candidates for a
role in themorphogenesis of gastrulation. Recent studies have suggested such
a role for the family member RhoA. The long history of the sea urchin as a
model for gastrulation provides a unique system in which to evaluate Rho
function in these morphogenetic movements. Therefore, a Rho homolog was
cloned out of Lytechnius variegatus and found to be 83% identical to the
human RhoA isoform. Constitutively active and dominant negative forms of
LvRhoAwere generated based on widely described single point mutations.
Overexpression of activated LvRhoA caused the precocious onset of mor-
phogenetic movements associated with gastrulation, often several stages
early. A reciprocal phenotype that blocked morphogenesis was seen with
overexpression of the dominant negative construct. Treatment with pharma-
cological agents against both Rho and its downstream effector Rho Kinase
phenocopied the dominant negative and showed that Rho activity is required
just before the onset of morphogenesis. Together, this suggests that RhoA
activity is essential for gastrulation and primitive gut formation in the urchin
embryo. Based on these data, the role of RhoA in the sea urchin endome-
sodermal signaling pathway is being investigated.281. Ascidian pk is an Essential Gene for Notochord Morphogenesis. Di
Jiang,1 Edwin M. Munro,2 and William C. Smith1. 1MCDB, UCSB,
Santa Barbara, CA 93106; 2Center for Cell Dynamics, FHL, Friday
Harbor, WA 98250.
Mediolateral intercalation (MLI) of notochord cells is one of the driving
forces that give form to chordate embryos. We have taken a geneticapproach to the study of ascidian notochord morphogenesis by isolating
mutants from the species Ciona savignyi that exhibit abnormal tail
morphology. One such isolate is the recessive, nonlethal mutant chobiesque
(chq). Homozygous chq larvae have dramatically shortened tails, but can
nevertheless undergo metamorphosis and develop into reproductive adults.
Detailed analysis of the chq phenotype shows that the failure of the tail to
elongate results from a failure of notochord cells to undergo proper MLI.
Other aspects of notochord differentiation and larval development appear
normal. Further analysis showed that chq notochord cells failed to extend
lamellapodia preferentially in the mediolateral axis as is found in wt cells,
suggesting a defect in planar cell polarity (PCP). The chq locus was mapped
using bulk-segregated analysis to find linked amplified fragment length
polymorphisms (AFLPs). Three AFLP markers from this analysis were
clustered in an approximately 1 mbp genomic contig that contained, among
other genes, a C. savignyi ortholog of the Drosophila PCP-gene prickle
(pk). Sequencing of the pk locus from chq revealed a 213-bp deletion that
interrupts the 11th intron and 12th exon. Unlike wt embryos in which pk
expression was observed in the notochord, no pk expression was detected in
chq/chq embryos. Finally, wt pk was able to rescue the chq phenotype in a
cell-autonomous manner. In summary, our results indicate that pk is an
essential gene for notochord morphogenesis.282. Lin-35/Rb and xnp-1/ATR-X Function Redundantly to Control
Somatic Gonad Development in C. elegans. Aaron M. Bender1 and
David S. Fay2. Univ. of Wyoming, Laramie, WY 82071.
In screens for genetic modifiers of lin-35/Rb, the C. elegans retino-
blastoma protein homolog, we have identified a mutation in xnp-1.
Mutations in xnp-1, including a presumed null allele, are viable and, in
general, appear indistinguishable from wild type. In contrast, xnp-1, lin-35
double mutants are completely sterile and exhibit severe defects in
gonadal development. Analyses of the abnormal gonads indicate a
primary defect in the lineages that generate cells of the sheath and
spermatheca. xnp-1 encodes the C. elegans homolog of ATR-X, a human
disease gene associated with severe forms of mental retardation and
urogenital developmental defects. xnp-1/ATR-X is a member of the
Swi2/Snf2 family of ATP-dependent DEAD/DEAH box helicases that
function in nucleosome remodeling and transcriptional regulation. Expres-
sion of xnp-1 is detected throughout C. elegans development in several
cell types including neurons and cells of the somatic gonad. Our findings
demonstrate a new biological role for Rb family members in somatic
gonad development and implicate lin-35 in the execution of multiple cell
fates in C. elegans. In addition, our results suggest a conserved function
for xnp-1/ATR-X in gonadal development across species. We are currently
characterizing two additional mutants (slr-2, slr-10) that also exhibit
synthetic interactions with lin-35/Rb.283. A Novel Matrix Molecule MAB-7 Is Required in C. elegans Sensory
Ray Morphogenesis. S. W. Tsang and K. L. Chow. Dept. of Biology,
Hong Kong Univ. of Sci. and Tech., Clear Water Bay, Kowloon, Hong
Kong.
Sensory rays in C. elegans males are important for its normal
copulatory behavior. Several ram genes have been characterized to have
their mutants presenting lumpy rays without a tapered shape. mab-7 is one
of these genes, mutations of which lead to sensory ray swelling highly
localized at the proximal region. We showed that all sensory ray cells
within a ray were affected in these abnormal rays, suggesting uniform
requirement of mab-7 in these cells. mab-7 encodes a novel protein with
an N-terminal hydrophobic region, a EGF-like motif, an ShKT motif, and
a C-terminal tail. Promoter of mab-7 was shown to be active in the
hypodermis, structural cells, body seam, and several head neurons.
Interestingly, when mab-7 was ectopically expressed in either different
Abstracts608ray components or PLM neurons during ray morphogenesis process, the
mab-7 mutant phenotype could be rescued. These results suggest that
mab-7 is acting non-autonomously. Deletion analyses show that the
hydrophobic region, ShKT, and C-terminal tail of MAB-7 protein are all
essential for protein function while the EGF-like motif may play a minor
regulatory role. The topology of MAB-7 was further examined by two
versions of LacZ fusion to ascertain the N-terminal hydrophobic region as
a signal peptide or a transmembrane domain. Our results uncover that it is
acting as a type II transmembrane domain for cell surface anchorage.
Further investigation of protein modification and characterization of
conserved domains will provide insights into the role of mab-7 in ray
morphogenesis.284. Presence and Function of Allatotropin in Developmental Stages of
Heliothis virescens and Apis mellifera. Anna Rachinsky and Julie M.
Glasscock. Univ. of Minnesota Duluth, Duluth, MN 55812.
Juvenile hormone, an important morphogenetic hormone specific to
insects, is credited with regulating developmental functions such as
molting, metamorphosis, and reproduction. Produced in neuroendocrine
glands called the corpora allata, its biosynthesis is regulated by stimu-
latory neuropeptides called allatotropins and inhibitory neuropeptides
called allatostatins. Using immunocytochemical techniques, we localized
allatotropin-containing cells in the central nervous system (CNS) of
selected developmental stages of two insect species, the tobacco bud-
worm Heliothis virescens and the honeybee Apis mellifera. It was found
that H. virescens produces allatotropin (AT) consistently throughout
larval development. The distribution patterns of AT-containing cells in
the CNS persisted from one larval instar to the next and were similar to
the distribution patterns in adults. However, the total number of AT-
containing cells in the brain gradually increased during larval develop-
ment. In the honey bee A. mellifera, AT-containing cells were only found
in a few brains from late last instar larvae (prepupae). AT immunoreac-
tivity was restricted to a group of 6–8 cells in the pars intercerebralis.
Contrary to our expectations, AT could not be localized in early last
instar larvae (feeding stage larvae), whose corpora allata were shown to
be more sensitive to in vitro stimulation by AT than prepupal corpora
allata. The significance of our results in the context of insect develop-
ment in general and in the context of caste development in honeybees
will be discussed.285. Boundary between Two Cell Types Coordinates Tube Formation
during Dorsal Appendage Formation. Ellen J. Ward and Celeste A.
Berg. Univ. Washington, Seattle, WA 98195.
The Drosophila egg chamber provides an excellent model for studying
the link between patterning and morphogenesis. Late in oogenesis, a
portion of the flat follicular epithelium remodels to form two tubes;
secretion of eggshell proteins into the tube lumens creates the dorsal
appendages. Two distinct cell types contribute to dorsal appendage forma-
tion: cells expressing the rhomboid-lacZ (rho-lacZ) marker form the ventral
midline of the tube and cells expressing high levels of the transcription
factor Broad form a roof over the rho-lacZ cells. In mutants that disrupt
pattern formation (K10, Ras, and ectopic decapentaplegic), both cell types
are specified and reorganize to occupy their stereotypical locations within
the otherwise defective tubes. Although rho-lacZ and Broad cells rearrange
to form a tube in wild type and mutant egg chambers, they never
intermingle, suggesting that a boundary exists between these two cell types
that prevents mixing. Consistent with this hypothesis, the roof and floor
cells express different levels of the homophilic adhesion molecule Fasciclin
3. Furthermore, in the anterior of the egg ectopic rhomboid is sufficient to
induce both cell types, which reorganize appropriately to form an ectopic
tube. We propose that signaling across a boundary separating the rho-lacZand Broad cells choreographs the cell-shape changes and rearrangements
necessary to transform an initially flat epithelium into a tube. To investigate
this hypothesis, we are investigating the role of Notch, a well-known
mediator of boundary formation, in this process.286. Ontogeny of MMP Expression and Activity during Zebrafish
Development. Bryan D. Crawford, Michelle D. Po, and Dave B.
Pilgrim. Univ. of Alberta, Edmonton, Canada, T6G 2E9.
Matrix metalloproteinases (MMPs) are a family of Zn-dependant
proteases that hydrolyze extracellular matrix (ECM) proteins and other
substrates. Although MMPs are thought to be crucial mediators of ECM
remodeling, little is known about the regulation of MMP activity in the
context of developing embryos. In an effort to develop a more sophisticated
understanding of this process, we are characterizing the patterns of MMP
activity during embryogenesis. Surprisingly, we observe broadly similar
patterns of fibrillar and basement membrane collagen degradation through-
out development despite the very different constellation of MMPs believed
to degrade these substrates. However, we do observe several subtle differ-
ences in the patterns of degradation of these two substrates, particularly at
somite boundaries, surrounding the lens, and surrounding the developing
gut. Injection of the broad-spectrum MMP-inhibitor GM-6001 dramatically
reduces degradation of both substrates and results in a spectrum of
developmental defects consistent with the predicted essential roles for
MMPs in morphogenesis. We have cloned several MMPs from zebrafish
and report on the dynamic expression patterns of MMP-9, 14, 15, 23 and a
membrane type MMP of unknown homology. Perturbation of collagen
cross-linking profoundly affects the expression of MMP-15, suggesting it
may be regulated by a feedback mechanism involving integrin signaling.
Finally, we have used a morpholino-based knockdown approach to begin
investigating the function of the unknown membrane-type MMP that is
expressed in a population of neurons present in the hindbrain and spinal
chord.287. Characterization of Two New Hedgehog Genes in Zebrafish.
Fabien Avaron,1 Lisa Hoffman,2 and MarieAndre´e Akimenko3.
1Ottawa Health Research Institute; 2Robarts Research Institute, Lon-
don ON; 3University of Ottawa-Cellular and Molecular Medicine
department.
The Hedgehog family of secreted proteins has been extensively
studied and has been shown to play key roles in the patterning of
numerous embryonic structures. The vertebrate Hedgehog proteins are
divided into three classes: Sonic (Shh), Indian (Ihh), and Desert (Dhh). In
zebrafish, duplication events during evolution gave rise to additional
Hedgehog (Hh) genes. Until now, two genes of the Sonic class (twhh
and shh) and one of the Indian class (ehh) have been characterized in
zebrafish. We present here two new Hedgehog genes in zebrafish.
Sequence comparison with vertebrate Hh proteins showed that the protein
encoded by the first gene (indian-like hedgehog, ilhh) clearly belongs to
the Indian class, whereas the second does not show obvious homology
with any of the Hh classes and could be a highly derived desert-like gene.
In higher vertebrates, Ihh is mostly involved in chondrocyte differentia-
tion, endoderm patterning, and vasculogenesis. Preliminary expression
analysis of ilhh shows that it is expressed in discrete domains of the
developing digestive tract of the zebrafish embryo and larvae and in the
central nervous system. In regenerating fins, ilhh (unlike ehh) is expressed
in scleroblasts (bone secreting cells) adjacent to the epidermal shh
expression domain. We will further investigate the expression pattern of
ilhh in zebrafish and perform a functional study to assess the role played
by this new Hh gene in patterning the gut endoderm during embryonic
and larval development, and also in bone formation and patterning during
fin regeneration. (Funded by CIHR.)
Abstracts 609288. FGF8 Deficiency Results in Left–Right Craniofacial Asymmetry
in Zebrafish. R. Craig Albertson and Pamela C. Yelick. The Forsyth
Institute, Boston, MA 02115.
Craniofacial malformations account for 70% of known birth defects
and are often associated with asymmetries in dental, skeletal, and soft
tissues. The varied etiology of facial asymmetries has posed significant
challenges to clinicians in the diagnosis and treatment of these defects.
Mapping studies and transgenic models support a genetic contribution to
certain clinical asymmetries. Unfortunately, the causal events that precip-
itate craniofacial asymmetries over ontogeny remain largely unresolved.
In the present study, we offer the zebrafish acerebellar (ace)/fgf8 mutant
as a genetic ‘‘foothold’’ into the molecular signaling cascades that
establish laterality of the craniofacial skeleton. Mutants deficient in fgf8
exhibit striking asymmetry in the development and growth of craniofacial
cartilages and bone. This asymmetry has a significant bias toward missing
right-sided elements, consistent with the observed directional predilection
of certain craniofacial syndromes. Molecular analyses of ace/fgf8 mutants
reveal aberrant cranial neural crest cell migration, possibly due to
defective pharyngeal arch patterning, as one potential source of the
observed asymmetrical phenotype.289. Zebrafish touchtone and endzone are Selectively Required for
Neural Crest-Derived Chromatophore Development. B. L. Arduini
and P. D. Henion. Ohio State University, Columbus, OH.
The zebrafish mutants touchtoneb508 and endzoneb431 were identified
based on altered pigment pattern. tct homozygotes exhibit a severe
phenotype in neural crest-derived melanophores, the majority of which
are absent. Those present are smaller than wild-type melanophores. While
melanophore numbers are only slightly reduced in enz homozygotes
compared to wild-type siblings, pigment cell size is also very small.
Iridiphores and xanthophores develop normally in tct homozygotes, but
are reduced in size and number in enz mutant embryos. Other NC
derivatives develop normally in both mutants.
In tct mutants, NC and melanoblast cell populations appear normal
before 25 hpf. Subsequently, as melanoblast numbers increase in wild-
type embryos, they are reduced in tct mutants. Together with activated
Csp-3-IR in tct melanoblasts, this indicates that some melanoblasts
undergo apoptosis in tct mutants. In enz mutant embryos, melanophores
are stellate but pale at 27 hpf. Subsequently, melanophores become dark
and punctate. Mosaic analysis revealed both tct and enz act cell auton-
omously within melanoblasts. Using linkage analysis, we placed the tct
and enz loci on chromosomes 18 and 7, respectively. Additional alleles at
both loci have been identified that differ in severity of the respective
chromatophore phenotypes. All four tct alleles are lethal, while at least
one enz allele is semi-viable. Affects of the enz mutation on chromato-
phores appear to persist in juveniles, which are also runted compared to
wild-type siblings. Taken together, our results suggest that tct and enz
regulate both common and distinct aspects of NC-derived chromatophore
development.290. The Role for Noncanonical wnt/pcp Signaling in Zebrafish Neural
Tube Morphogenesis. Brian Ciruna and Alexander Schier. Skirball
Institute, NYU School of Medicine, New York, NY.
At gastrulation, vertebrate ectoderm and mesoderm cells move toward
the dorsal midline and undergo mediolateral cell intercalations. These
polarized cell rearrangements shape the vertebrate embryo, resulting in the
convergence of the mediolateral axis and extension of the anteroposterior
axis. Embryological and genetic analyses in Xenopus and zebrafish have
determined that the noncanonical Wnt/Frizzled signaling pathway, which
determines epithelial or planar cell polarity (PCP) in Drosophila, is a keyregulator of convergent extension (CE) movements in vertebrates. In
zebrafish, mutants in wnt11 (silberblick), wnt5 (pipetail), and strabismus
(trilobite) all result in abnormal CE of mesoderm. In Xenopus and the
mouse, disruption of the noncanonical Wnt/PCP pathway also results in a
spina bifida-like phenotype. In these vertebrates, the neural tube forms
through elevation and fusion of the neural folds, and PCP signaling is
required for neural tube closure. In zebrafish, the lumen of the neural tube
forms ‘‘secondarily’’, through later cavitation of a solid neural primordi-
um, and the role for CE movements in shaping the zebrafish neural tube
has not been well characterized. To further elucidate the role of PCP
signaling in zebrafish neural tube morphogenesis, we are examining
neurulation in wild-type, trilobite mutant, and silberblick;pipetail double
mutant embryos.291. Development of Smooth Muscle in Zebrafish. Sonja Georgijevic,
Evvi-Lynn M. Rollins, Archie C. Tang, Olivera Starovic-Subota, and
Sarah Childs. Biochemistry and Molecular Biology, University of
Calgary, Calgary AB.
Vascular smooth muscle cells are essential for vascular stability,
development, and homeostasis. Zebrafish have been utilized extensively
for the study of cardiovascular development and blood vessel formation;
however, the development of vascular smooth muscle in zebrafish has not
been described. We have determined the temporal and spatial organization
of vascular smooth muscle cells in major vessels of the trunk and in the
bulbus arteriosus using histological analysis and electron microscopy. Our
experiments have resulted in two major findings. First, we have established
that the adult zebrafish dorsal aorta and posterior cardinal vein do not
contain multilamellar vascular smooth muscle coverage. Second, we have
found that the bulbus arteriosus develops extensive smooth muscle cover-
age; however, this occurs significantly later than the formation of functional
cardiovascular system. In zebrafish, the cardiovascular system is functional
by 2 days postfertilization; however, our studies show that the first vascular
smooth muscle layer only develops in the bulbus arteriosus at 20 days
postfertilization. From this time point onward, there is a considerable
thickening of the vascular smooth muscle layer due to an increase in fish
size and in blood flow through the bulbus. In addition to these studies, we
will present the first description of zebrafish-specific smooth muscle cell
markers and their patterns of expression in the developing bulbus arteriosus
as well as developing visceral organs.292. Cellular Mechanism for Coordinated Oscillation of the Segmen-
tation Clock. Kazuki Horikawa,1 Shigeru Kondo,2 and Hiroyuki
Takeda. 1University of Tokyo, Japan; 2Nagoya University, Japan.
Vertebrate segmentation has been studied intensely for a decade. To
explain the temporal and spatial periodicity of somitogenesis, theoretical
models have been proposed including clock and wavefront model. This
model predicts the presence of the clock mechanisms working in the
presomitic mesoderm (PSM). Indeed, it has been shown that the hairy-
related genes, downstream targets of the Notch pathway, exhibit a
dynamic wave-like expression in the PSM. Although these genes are
indispensable for correct segmentation, the cellular mechanism generating
the coordinated clock oscillation remains largely unknown. To analyze the
role of the Notch pathway in these processes, we conducted a series of
genetic mosaic analysis using zebrafish embryos and found that cells with
disrupted Notch signaling affected the normal segmentation in a non-cell-
autonomous manner. For example, Notch or her1/7-deficient cells induced
the anterior shift of the segment position by accelerating the phase of
oscillation on the operated side. This activity requires Delta proteins,
indicating that clock oscillation is coordinated by Delta-dependent cell –
cell communication. These data were found to match well to the
mathematical model proposed by J. Lewis (Curr. Boil., 13, 1398–1408).
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and place of cell transplantation. We thus mapped the most effective
region by direct transplanting Notch-defective cells into the different levels
of the PSM along A–P axis. Based on these results, we propose that the
synchronic oscillation in the tail bud region is crucial for proper oscillation
and somite segmentation.293. Characterization of cordon-bleu Expression in the Organizer and
Axial Midline. Laura M. Yudt, Elizabeth A. Carroll, and John
Klingensmith. Department of Cell Biology, Duke University Medical
Center, Durham, NC 27710.
The node functions as the organizer in mammalian embryos to establish
the body plan. The axial midline structures that arise from the node include
the notochord, the floor plate of the neural tube, and the dorsal foregut,
which are important for establishing the anterior–posterior and dorsal–
ventral axes. Sonic hedgehog (Shh) and Foxa2 are genes that are important
in axial patterning activity. Cordon-bleu (Cobl) is a novel mouse gene that
functions with Loop-tail in midbrain neurulation. Cobl is first expressed in
the node, then the notochord and floorplate of the neural tube similar to the
expression of Shh and Foxa2. A related mouse gene, two homologues in
human, and ESTs in chicken, Xenopus, and cow have been identified,
demonstrating Cobl’s conservation; however, the protein contains few
informative domains. In early development, the Cobl protein localizes to
the membrane of the cells in the node, head process, and notochord, and at
the apical margin of the neural tube floorplate. In organogenesis, the pattern
of Cobl expression varies between cell types. For example, Cobl is apically
localized in floorplate epithelial cells, where it colocalizes with F-actin. In
other cells, it shows cytoplasmic or even nuclear localization. The relation-
ship between Cobl expression and axial signaling pathways is being
investigated using mutant strains and a neural tube explant system. Shh
is a ventralizing signal and is required for Cobl expression in the ventral
neural tube; BMP is a dorsalizing signal and can repress ventral Cobl-LacZ
expression.294. The Role of Transforming Growth Factor-B in the Development of
the Axial Skeleton. Michael Baffi and Rosa Serra. University of
Alabama at Birmingham.
The Cre recombinase system has been employed to assess the role of
TGFh signaling during chondrogenesis. Cre expression is directed by the
type II collagen promoter, and exon 2 of the TGF-h type II receptor has
been floxed. Previous studies focused primarily on establishing the extent
of the recombination and the characterization of the resulting phenotype.
The most profound phenotype occurred in the axial skeleton where severe
defects were observed in both the vertebrae and intervertebral discs. The
defects of the vertebrae involved a failure in the formation of the dorsal
neural arch and lateral processes. The defect of the intervertebral discs
involved the absence of the tissue enclosing the nucleus pulposi, the inner
annulus. To understand the underlying mechanisms of the observed
phenotypes, we began with an assessment of vertebral chondrogenesis.
Specifically, an analysis of the expression pattern of col10a in 15.5-day
embryos was carried out by in situ hybridization. Alterations in chondro-
genesis as a contributing factor to the phenotype were not apparent;
however, we will pursue this aspect of the study further through the
expression patterns of Sox 9, col2a (IIA, IIB). Studies in progress focus
on the proliferation and expression patterns of tissue specific markers. As
an index of proliferation, the levels of BrdU incorporation will be measured
in the sclerotome of Cre+ and Cre embryos. In addition, the expression
patterns of the ventral (Pax1 and Pax9), dorsal (Msx1 and Msx2), and
lateral (tenascin C and scleraxis) markers of the sclerotome will be followed
by in situ hybridization. It is the goal of these studies to elucidate the
molecular mechanisms controlled by TGFh.295. Coordination of Chondrocyte Differentiation and Joint Formation
by a5b1 Integrin in the Developing Appendicular Skeleton. Gar-
ciadiego-Ca´zares David,1 Rosales Carlos,2 Masaru Katoh,3 and Chi-
mal-Monroy Jesu´s1. 1Departamento de Biologı´a Celular y Fisiologı´a,
Instituto de Investigaciones Biome´dicas, Universidad Nacional Auto´n-
oma de Me´xico, Mexico City, MEXICO; 2Departamento de Inmuno-
logı´a, Instituto de Investigaciones Biome´dicas, Universidad Nacional
Auto´noma de Me´xico, Mexico City, MEXICO; 3Genetics and Cell
Biology Section, National Cancer Center Research Institute, Tsukiji 5-
chome, Chuo-ku, Tokyo 104-0045, Japan.
Wnt14 (also known as Wnt9a) plays a key role during chick joint
formation. However, little is know about upstream signals that control
Wnt14 expression and regulate joint formation. Here we investigated the
effect of a5b1 Integrin inhibitors, bone morphogenetic proteins, and
Hedgehog signaling on Wnt14 expression and joint formation in the
mouse embryonic limb culture system. Blocking of a5b1 Integrin by
using specific antibodies or RGD peptide induced ectopic formation of
joint-like structure and Wnt14. Ectopic expression of Wnt14 and type I
collagen in the joint-like structure was evident, while expression of IHH
and type II collagen was downregulated. Expression of these markers
confirmed that the new structure is a new joint being formed. In the
presence of BMP7, inhibition of a5b1 Integrin function still induced the
formation of the ectopic joint. Sonic hedgehog protein inhibited Wnt14
expression as well as ectopic joint formation induced by blocking of
a5b1 Integrin. These facts indicate that a5b1 Integrins play a central role
in regulating joint formation and Wnt14 expression, since inhibited IHH
expression.296. Endothelin-A Receptor-Dependent and -Independent Pathways
Establish a Mandibular Identity during Facial Morphogenesis.
Louis-Bruno Ruest,1 Xilin Xiang,1 Kim Lim,2 Giovanni Levi,3 and
David E. Clouthier1. 1University of Louisville, Louisville, KY 40292;
2University of Michigan, Ann Arbor, MI, 48109; 3CNRS/MNHN
Paris, France.
Most of the lower jaw skeleton is derived from cephalic neural crest
cells residing in the mandibular portion of the first pharyngeal arch.
Endothelin-A (ETA) receptor signaling in these crest cells is crucial, as
ETA
/ mice are born with severe craniofacial birth defects resulting in
neonatal lethality. We have undertaken a more detailed analysis of man-
dibular arch development in ETA
/ embryos to better understand the
cellular and molecular basis of these defects. We show that most lower jaw
structures in ETA
/ embryos undergo a homeotic transformation into
maxillary-like structures similar to those observed in Dlx5/Dlx6/ em-
bryos, though lower incisors are still present in both mutant embryos. These
structural changes are preceded by aberrant expansion of genes normally
confined to the proximal portion of the first arch in addition to the
previously described loss of a Dlx6/dHAND expression network. However,
a small dHAND expression domain remains in the distal mandibular arch.
While this distal expression is independent of both ETA and Dlx5/Dlx6
signaling, it likely requires GATA3. These distal dHAND-positive cells
likely contribute to lower incisor formation. Our results suggest that while
loss of ETA signaling causes a shift toward a maxillary identity for most of
the lower jaw, the distal area maintains an ETA-independent, partially
dHAND-dependent mandibular identity. These findings illustrate the lay-
ered complexity of signaling within the mandibular arch during facial
morphogenesis.297. Three-Dimensional Reconstruction of Maxillofacial Architecture
and Tissue Elements of Mouse Embryos. Yoshihito Shimazu, Yuui-
chi Soeno, Yuji Taya, Kaori Sato, and Takaaki Aoba. Nippon Dental
Univ., Tokyo, Japan.
Abstracts 611We aimed to construct the entire maxillofacial architecture of mouse
embryos based on serial histologic sections and to document morphodiffer-
entiation of incisors and molars, Meckel fs cartilage, and mineralized bones.
Materials and ICR wild-type and endothelin 1-null mutant embryos
(E16.0–16.5) were used. Frontal serial sections (4-Am thick) from embryo
heads were stained with von Kossa and Victoria Blue/HE in combination at
20-Am intervals. Digital images were acquired with 1 PlanApo objective
and a CCD camera. RATOC TRI-SRF2 software was used for image
alignment and computation. The configurations of a mouse head preserving
the details of maxillofacial architecture were reproduced by superposition
of more than 250 captured images. The use of Victoria Blue and von Kossa
facilitated segmentation of cartilages and bones, respectively, from their
binary gray levels. Separation of tooth germs from surrounding tissues was
not sufficient by autonomous computation approach but was accomplished
with the aid of manual drawing. The reconstruction of endothelin-1 null
embryos helped delineate the aberrant morphology of tooth germs as well
as hypoplastic facial defects. Morphometric analysis of these reconstruc-
tions verified that bone and molar formation was comparable volume-wise
between the age-matched wild-type and null mutant embryos. The 3D
reconstruction in combination with differential staining of serial histologic
sections is useful to document the architectural development and regional
specialization of the maxillofacial region of mouse embryos or their defects
in teratogenesis.298. The Role of Proliferation and Cell Shape Changes during Ciliary
Body Morphogenesis in the Mouse. Hugh R. Napier and Susan H.
Kidson. Univ. of Cape Town, South Africa.
The ciliary body is a highly specialized structure in the eye that
produces aqueous humor, regulates its outflow, and controls lens accom-
modation. Ciliary processes consist of two epithelial layers that develop as
outgrowths from the inner (closest to the lens) and outer layers of the
optic cup. Very little is known about the cellular mechanisms that lead to
the folding of the presumptive ciliary epithelia. Our SEM investigations
revealed that the adult mouse ciliary processes are arranged irregularly,
forming an interwoven network, unlike other vertebrates where the ciliary
body folds are arranged radially. To define the temporal events involved
in the formation of ciliary folds, histological examinations from E14.5 to
P7 were carried out. It was found that ciliary processes form perinatally,
with a flexure of both epithelial layers becoming evident between E18.5
and P0. Most prominent is the bulging of the outer ciliary epithelium
(oce). BrdU incorporation studies revealed a surge of proliferation within
the oce from P0 to P2 (F16% of cells were BrdU positive). This surge
coupled with increasing cell heights leads to the bulging of this layer
toward the inner ciliary epithelium (ice). The ice initially changes cell
shapes to accommodate the bulging processes, and then increases mitotic
rates from F5% at P1 to F9% at P2. The number of proliferating cells in
the ice is reduced by P5, while a significant decrease in proliferation in
the oce is only evident by P7. These findings suggest that ciliary
processes form as a result of an initial inward growth of the oce towards
the ice together with cell height changes and low levels of proliferation in
the ice.299. BMP7 Inhibits Epithelial Bud Formation in the Mouse Prostate
Gland. Irina B. Grishina,1 Sung Yung Kim,1 Helen P. Makarenkova,2
and Paul D. Walden1. 1New York University School of Medicine,
New York, NY 11010; 2The Neuroscience Institute, San Diego, CA
92121.
The mouse prostate gland develops by branching morphogenesis from
the urogenital epithelium and mesenchyme. Growth and branching of the
prostate is promoted by androgens and developmental factors FGF10 and
SHH (Berman et al., 2004; Donjacour et al., 2003), while BMP4 wasshown to suppress prostate branching (Lamm et al., 2001). In this report,
we investigated the role of Bone Morphogenetic Protein 7 (BMP7) in
development of the mouse prostate. Using BMP7lacZ reporter strain, we
show that BMP7 expression appears in the periurethral urogenital mesen-
chyme at E15, before prostate emergence. BMP7 is induced in the prostate
epithelium during extension of the initial prostate buds and persists in the
epithelium into adulthood. Using gain and loss of function approaches, we
show that BMP7 restricts branching of the prostate epithelium. Loss of
BMP7 in BMP7lacZ/lacZ null prostates increased prostate branching 2-fold.
Recombinant BMP7 inhibited prostate growth and branching in organ
culture in a concentration-dependent manner. The mechanisms by which
the developmental signals are interpreted in the urogenital epithelium to
regulate branching morphogenesis are not well understood. We present
evidence that BMP7 inhibits cell autonomous Notch1 activity in the
prostate epithelium associated with formation of the prebud placodes.
We propose that BMP7 inhibits branching morphogenesis in the prostate
by restricting the number of domains with high cell autonomous Notch1/
Hes1 activity.300. Transcription Factor AP-2 g Is Essential for the Development of
Both Giant Cells and the Labyrinth Layer of the Mouse Placenta.
Jian Huang,1 Yu Ji,1 Andras Nagy,2 Jay Cross,3 and Trevor Williams1.
1Depts. Craniofacial Biology, Cell and Developmental Biology,
UCHSC, Denver CO 80262; 2Samuel Lunenfeld Research Institute,
Toronto, Canada; 3Univ. of Calgary, Calgary, Canada.
Homozygous deletion of the AP-2g gene results in embryonic lethality
at 7.5 dpc. Tetraploid rescue indicates that the major function of AP-2g
resides in the extraembryonic lineages and not in the embryo proper. We
have now investigated the function of AP-2g at later stages of mouse
placental development by employing an allelic series of AP-2g mutations
that were created using gene targeting technology. Mice that are homozy-
gous for a hypomorphic AP-2g allele (AP-2gneo/AP-2gneo) die at approx-
imately 11 dpc, and mice that have one hypomorphic and one null allele
(AP-2gneo/AP-2gnull) die even earlier, at approximately 10 dpc. In both sets
of mutants, placental development was abnormal in that giant cells were
reduced in number and showed impaired DNA endoreduplication. Next, to
determine the placental regions that require AP-2g, we generated mice with
a more conventional floxed allele of AP-2g (AP-2gFlox) and intercrossed
these with specific Cre mice lines. Labyrinth-specific disruption of AP-2g
(TNAP-Cre) resulted in lethality at approximately 10.5 dpc associated with
a smaller and more compact labyrinth layer, whereas disruption of AP-2g in
the spongiotrophoblast layer (Tpbp-Cre) resulted in no abnormality. In vitro
experiments indicated that ectopic expression of AP-2g suppressed giant
cell differentiation of Rcho-1 cells. Our studies strongly support an essential
role for AP-2g in maintaining a trophoblast stem cell population for normal
placental development.301. Initial Characterization of the brachyury Allantois. Kimberly E.
Inman1 and Karen M. Downs2. 1Program in Cellular and Molecular
Biology; 2Department of Anatomy, Univ. of Wisconsin-Madison,
1300 University Ave. Madison, WI 53706.
Brachyury (T ) is the founding member of the T-box family of
transcription factors and has been reported to play a critical role in
notochord development and primary mesoderm formation. Mice homozy-
gous for a deletion in T, which encompasses more than 200 kb of the T-
locus and surrounding genes, show defects in posterior axis elongation,
somite, and notochord formation, dying at approximately 10.5 dpc. Em-
bryonic lethality has been attributed to the possible failure of the allantois to
properly unite with the chorion, thus failing to establish a maternal– fetal
vascular connection. While elucidation of the function of Brachyury has
been the subject of many studies, none has examined the defective T
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development. Recent findings in our laboratory have addressed three major
allantoic activities: enlargement, vasculogenesis, and union with the cho-
rion to form the placenta. These activities have been placed into a working
model of normal allantoic development (Downs et al., 2004, Development
131, 37–55). Within this framework, we are currently analyzing the role of
Brachyury in allantoic development in the TCurtailed (TC ) mutant mouse.
TC/TC embryos bear a similar allantoic phenotype to T/T embryos; however,
the TC deletion disrupts only Brachyury rather than the multiple genes
disrupted in the classical T deletion.302. Evidence that PDGF Signaling is Required for Normal Pulmonary
Vein Development. Steven B. Bleyl,1 Yukio Saijoh,1 Scott E.
Klewer,2 Kenneth Ward,1 and Gary C. Schoenwolf1. 1Univerity of
Utah, Salt Lake City; 2University of Arizona, Tucson.
We mapped a gene for a congenital heart defect called total anomalous
pulmonary venous return (TAPVR) to chromosome 4q11 in large Utah
kindreds and identified two patients with missense mutations in the gene
encoding the platelet-derived growth factor receptor alpha (PDGFRA). In
TAPVR, the pulmonary vein fails to migrate to the left atrium during
remodeling of the embryonic heart stalk. To examine the role PDGF
signaling molecules play in TAPVR, we examined their expression in the
heart stalk of normal chick embryos using whole mount and section in situ
hybridization. We found asymmetric expression of PDGFRA and its ligand
PDGFA in the proliferating mesenchyme surrounding the developing
pulmonary vein. Asymmetric proliferation of mesenchymal cells and
differential left – right growth in the heart stalk are thought to be necessary
for the displacement of the pulmonary vein to the left atrium. Based on our
expression and genetic data, we hypothesize that right-sided expression and
function of PDGFRA in the developing heart stalk is required for normal
pulmonary vein development. We have begun preliminary experiments to
determine the role PDGF signaling in pulmonary vein development using
specific PDGFRA function blocking agents. The effects of these agents on
pulmonary vein development are assessed using vascular casting and serial
reconstructions. These studies will advance our understanding of the role of
PDGF signaling during pulmonary vein and embryonic heart development
and will provide insight about the role of PDGFRA in the pathogenesis of
TAPVR.303. Sequential Myocardial–Endocardial NFAT Signaling Initiates and
Perpetuates Heart Valve Morphogenesis. Ching-Pin Chang, Joel R.
Neilson, J. Henri Bayle, Jason Gestwicki, Isabella Graef, and Gerald R.
Crabtree. Department of Developmental Biology, HHMI, Stanford
University.
Abnormalities in valve formation are one of the most common human
congenital defects. Despite their importance, relatively little is known of
the molecular events underlying valve morphogenesis. The vertebrate-
specific calcineurin/NFAT signaling pathway has previously been impli-
cated in this process. Here, we describe the use of small molecule
inhibitors and conventional and conditional knockout mice of calcineurin
and each of the four NFATc family members to define in detail the
temporal and spatial roles of this pathway during heart valve morphogen-
esis. Initiation of heart valve development at embryonic day E9 requires
calcineurin/NFAT-mediated suppression of VEGF expression in the myo-
cardium underlying the site of prospective valve formation. VEGF is
transcriptionally repressed by myocardial NFATc2/c3/c4, which can direct-
ly bind to a subnanomolar high-affinity NFAT binding site on the VEGF
promoter. In the absence of VEGF repression, the endocardial cells fail to
undergo the mesenchymal transformation required for initiation of valve
development. Two days later, at E11, a second wave of calcineurin-NFAT
signaling is required, but this time the pathway acts within the endocardialcells of the developing cushions. Here, NFATc1 directs valvular elongation
and remodeling. Thus, the calcineurin/NFAT signaling pathway is sequen-
tially required, first in myocardium and then endocardium, for proper heart
valve development. This mechanism also operates in zebrafish, suggesting
a conserved role of calcineurin/NF-AT signaling in vertebrate heart valve
morphogenesis.304. Tgf-B Family Receptors Alk2 and Alk5 Play Different Critical
Roles in Palatogenesis. Marek Dudas, Andre Nagy, Somyoth Sridur-
ongrit, and Vesa Kaartinen. USC, Childrens Hospital Los Angeles,
CA 90027.
Transforming growth factor h3 (Tgf-h3) is necessary for palatal fusion
in mice and humans. However, very little is known about its downstream
signaling mechanisms during this process. We have found that three
putative Tgf-h type I receptors, ALK1, ALK2, and ALK5, are endoge-
nously expressed in palatal shelves and that receptor-activated Smads are
activated in the palatal midline region during the fusion process. Experi-
ments with activation and inactivation of type I receptor signaling using
constitutively active and dominant negative receptor variants, chemical
inhibitors, and Smad overexpression approach have shown that Alk2 and
5 are the major players. Alk5 was found to play a critical role in the
regulation of disappearance of the midline epithelium, while conditional
deletion of ALK2 in the epithelium of palatal explants did not affect the
fusion efficiency. Instead, pups born with conditional ALK2 deletion in
the palatal mesenchyme suffer from cleft palate due to inappropriate
growth of palatal shelves. Based on the current data, we think the Alk5–
Smad2 pathway is dominant in Tgf-h3-mediated epithelial changes during
palatal fusion, while Alk2 signaling plays an important role in bringing
the two opposing palatal shelves into a midline contact by regulating the
growth or remodeling of the palatal mesenchyme. Further experiments
with specific conditional ALK2 and ALK5 deletions are ongoing in our
lab to elucidate more precisely the signaling logic of Tgf-h signaling
during palatogenesis.305. Fgf15 is Necessary for Proper Cardiovascular Development.
Joshua Vincentz,1 Cornelis Murre,2 Antonio Baldini,3 and Yasuhide
Furuta1. 1Dept. Biochem. and Mol. Biol., Univ. Texas, MDACC;
2UCSD; 3Baylor Coll. Med.
Studies in animal models have provided evidence that epithelial –
mesenchymal tissue interactions regulate the development of pharyngeal
arch (PA) derivatives to govern morphogenesis of the presumptive aortic
arch, outflow tract (OFT), and heart. Disruption of these signaling pathways
is thought to cause various congenital cardiovascular defects in humans,
including the 22q11 Deletion Syndromes. We tested whether Fibroblast
Growth Factor 15 (Fgf15), a secreted signaling molecule expressed within
the PAs, is an extracellular mediator of tissue interactions during PA and
OFT development. Histological analyses of Fgf15/ mouse embryos at
18.5dpc revealed heart abnormalities primarily localized to the OFT. Cre/
loxP-based lineage trace analyses at 11.5 dpc demonstrated that the position
of the cardiac neural crest cells within the Fgf15/ mutant OFT is
abnormal. The T-box-containing transcription factor Tbx1 has been impli-
cated in the cardiovascular defects associated with the 22q11 Deletion
Syndromes. It has been posited that another Fgf family member, Fgf8,
mediates Tbx1 signaling in the PAs during cardiovascular development. In
situ hybridization analyses demonstrated that Fgf15 expression is unaltered
within the Tbx1/ mutant PAs, indicating that Fgf15 is not a direct target
of Tbx1. Phenotypic characterization of Fgf15+/;Tbx1+/ compound
mutants revealed no increase in cardiovascular defect penetrance, indicating
that Tbx1 and Fgf15 do not interact genetically. Taken together, these data
demonstrate that Fgf15 is a component of a novel, Tbx1-independent
signaling pathway necessary for proper cardiovascular development.
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But Not JNK. Patricia Ybot-Gonzalez, Dawn Savery, Nicholas D.
Greene, and Andrew J. Copp. Institute of Child Health, UCL, London,
UK.
Genetic studies in mouse implicate a noncanonical Wnt– frizzled
signalling pathway (the so-called planar cell polarity (PCP) pathway) in
the initiation of neural tube closure. Mutation of three distinct genes Vangl2
(strabismus), Celsr1 (flamingo), and dishevelled each yields embryos that
exhibit severe neural tube defects owing to failure of initiation of neural
tube closure. Each gene appears to play a role in the transduction of Wnt–
frizzled signals to downstream intracellular proteins including RhoA and
JunN terminal kinase. The end result of this signalling pathway is the
regulation of convergent extension, whereby cells move in a medial
direction (convergence) and in a caudal– rostral direction (extension) to
create an elongated, narrow shape of the neural plate. Convergent extension
is essential for neural tube closure in Xenopus, but this relationship has not
been examined in mammals. To explore the role of PCP in mouse
neurulation, we analyzed embryos treated with a specific inhibitor or Rho
kinase Y27632 during development in whole embryo culture. Embryos
were explanted at E7.5 and cultured for 24 h to the 8–12 somite stage. A
significant proportion of treated embryos exhibited defects of convergent
extension and failed to initiate neural tube closure, a close phenocopy of the
Vangl2 (Lp; loop-tail) loss of function mutation. Analysis of cultured loop-
tail litters revealed an increased predisposition to the effects of Y27632 in
Lp/+ embryos compared with their wild-type littermates. These findings
support a critical role of PCP signally, via Rho kinase, in the onset of mouse
neural tube closure.307. BMP-3 is an Antagonist of BMP and Activin Signaling in Xenopus
Embryos. Laura Gamer, John Nove, and Vicki Rosen. HSDM and
Forsyth Institute Boston, MA.
Overexpression of BMP-3, an antagonist of BMP activity in Xenopus,
results in dorso-anteriorized embryos, with axial defects, enlarged noto-
chords, reduced eyes, and ectopic, expanded cement glands. In animal cap
assays, BMP-3 induces neural and cement gland tissue without inducing
mesoderm or endoderm. We now show that BMP-3 blocks the mesoderm-
inducing activities of both activin and BMP-4, and propose this block occurs
because BMP-3 is able to bind to, but not signal through, ActRII. Our data
indicate that BMP-3 does not bind BMPs or activin; BMP-3 does not
upregulate BMP or activin antagonists; BMP-3 does not phosphorylate
Smad1, 5, 8 or Smad2; and, that the inhibitory action of BMP-3 is suppressed
by co-injection of constitutively active BMP or activin type I receptors. Co-
injection of ActRIIB, a type II receptor used by both activin and BMP, also
rescues BMP-3 embryos, but co-injection of BMPRII, ALK4, or BMP-4
does not. These results suggest that BMP-3 antagonism is mediated through
ActRII, and that BMP-3 blocks both BMP and activin signaling by targeting
a common type II receptor. In co-IP assays using Xenopus animal halves, we
are unable to show direct binding of BMP-3 to ActRIIB even in the presence
of ALK4. This suggests that BMP-3 may need a co-factor, a paradigm
similar to the binding of inhibin to BMPRII where betaglycan serves as a co-
receptor. Our data support the hypothesis that BMP-3 acts as a pseudo-ligand
antagonist, competing with activin and BMP for binding to ActRIIB. This
mechanism allows BMP-3 to modulate diverse developmental processes that
are controlled by both BMP and activin signaling.308. Mechanisms of Left–Right Asymmetric Gut Looping. Nanette M.
Nascone-Yoder, Sara H. Grill, and Jamie E. Thompson. Eckerd
College, St. Petersburg, FL 33711.
Although a complex hierarchy of genetic pathways is known to
differentiate the left and right sides of the vertebrate embryo, themorphogenetic mechanisms by which individual organs become shaped
into left – right asymmetric entities remain elusive. In the Xenopus embryo,
the left and right sides of the developing gut tube elongate at different
rates, resulting in the asymmetric loops and rotations that give rise to the
mature gastrointestinal anatomy. To investigate the cellular mechanisms of
this differential elongation, we compared the architecture of the digestive
epithelium in the left and right walls of the looping gut tube. We find a
striking difference in epithelial architecture between the two sides that
corresponds with a dramatic left – right difference in the localization of the
E-cadherin protein. Ectopic expression of dominant-negative E-cadherin
in the developing gut tube causes the gut to loop abnormally. Likewise,
similar ectopic expression of dominant negative or constitutively active
Rac1, a GTPase known to direct epithelial morphogenesis and influence
E-cadherin localization and epithelial cell polarity, also perturbs gut
looping. Taken together, these results suggest that left – right differences
in E-cadherin-mediated cell – cell adhesion during digestive epithelial
morphogenesis direct the asymmetric elongation and looping of the
Xenopus gut tube.309. Expression Patterns of Intersectin in Xenopus laevis Embryos.
Christopher E. Fundakowski, Kirsten F. Block, and Judith M. Thorn.
Knox College, Galesburg, IL 61401.
Intersectin (ITSN), a gene isolated from chromosome 21, is known to
serve as an adaptor protein involved in clathrin-mediated endocytosis as
well as cell growth and differentiation. ITSN’s protein structure consists of
two Eps15 homology domains, a central coiled-coil region, and five Src
homology 3 domains. Elevated levels of ITSN mRNA have been found in
the brains of individuals with Down syndrome (DS). Currently, ITSN’s role
in DS, expression patterns throughout various stages of development, and
intracellular location remains unknown. We are characterizing the expres-
sion patterns of intersectin mRNA and protein in Xenopus. An mRNA
profile was created to determine changes in mRNA expression during
neural tissue development, while expression patterns of the short and long
isoforms of ITSN were examined via protein analysis. Immunofluorescent
microscopy was also used to analyze ITSN expression in the embryo. ITSN
appeared co-localized with nuclei until the early tail bud stage. At stage 4,
ITSN was visible along the cleavage furrow of dividing cells. During
neurulation, distinct patterned expression of ITSN is visible along the
periphery of both the somite and notochord, while post-neurulation,
immunostaining is observed to cover the apical surfaces of the somite,
notochord, and neural tube. ITSN was also shown to be present in the
developing heart and eye, two additional regions affected by DS. Ongoing
experimentation utilizing various extracellular matrix protein antibodies is
expected to identify relationships between ITSN and these molecules.310. Hsp47 Expression is Preferentially Associated with Type II
Collagen Biosynthesis. J. L. Myhre, W. M. Kulyk, and P. H. Krone.
Univ. of Saskatchewan, Saskatoon, SK.
Heat-shock protein 47 (hsp47), also known as colligin, is a collagen-
specific molecular chaperone that is upregulated in specific tissues during
development. The requirement for hsp47 for the formation of blood vessels
and skin, which contain type I collagen, has been shown; however,
knockout embryos do not survive to undergo skeletogenesis and thus do
not provide insight into the processing of collagen type II, the collagen
species found in cartilage tissues. Since hsp47 expression during develop-
ment is highest in such tissues, the requirement for hsp47 in type II collagen
processing bears investigation. Primary cell cultures of high-density, pre-
chondrogenic mesenchyme from chick embryos are widely used as an in
vitro model of cartilage development. In the present study, the temporal and
spatial patterns of expression were examined for hsp47 and collagen types I
and II using this culture system. Cultures of limb and mandibular mesen-
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chondrogenic fibroblasts. Both mRNA and protein analysis demonstrate a
correlation between hsp47 expression and that of type II collagen within the
nodules, whereas type I collagen localizes to fibroblastic cells. Immuno-
cytochemical staining also reveals the localization of hsp47 to cells
expressing collagen type II rather than those expressing type I. Further,
the use BrdU treatments to inhibit chondrogenesis in cultures of sternal
chondrocytes demonstrates a corresponding downregulation of hsp47.
Finally, antisense oligonucleotide treatments in cell culture allow the
examination of hsp47 downregulation and the resulting effects on total
chondrogenesis.311. In Vivo Imaging of Growth Cone and Filopodial Dynamics:
Contact-Mediated Repulsion between Sibling Processes of an
Identified Cell. Michael W. Baker and Eduardo R. Macagno. UC
San Diego, La Jolla, CA 92093.
During embryonic development, the peripheral Comb Cell (CC) of
the leech (H. medicinalis) sends out multiple, parallel growth cone-
tipped processes that act as a scaffold for the migrating myocytes of the
developing oblique muscle layer. Studies have shown that HmLar2, a
receptor protein tyrosine phosphatase that is highly expressed by these
growth cones and is capable of homophilic receptor-ligand binding,
plays a critical role in controlling the outgrowth of these processes.
Perturbations of HmLar2 function and F-actin signaling lead to cross-
over errors and a loss of filopodia by the growth cone suggesting that
the unique morphology of this cell may result from a cell-autonomous
signaling mechanism that leads to the retraction of overlapping areas.
We report here on the dynamics of growth by these processes by
imaging dye-filled CCs in the developing embryo. Time-lapse analysis
revealed that the growth cones of the CC are highly dynamic, under-
going rapid filopodial extension and retraction. Measurements of filo-
podial life span and length revealed that filopodia at the leading edge of
the growth cone achieve significantly longer lengths and life spans than
lateral filopodia, which were often seen to make apparent contact with
adjacent parallel processes and quickly retract. Moreover, selective laser
cutting of single CC processes led to the sprouting of undamaged
adjacent CC processes into the vacated territory. Current efforts are
underway to ectopically express HmLar2 along the path of migrating
growth cones to directly test the link between ectodomain signaling by
the receptor and cellular retraction.312. Rho GTPases Modulate Functionally Distinct Adhesions in Indi-
vidual Filopodia. Kathryn W. Tosney, Jason Schrum, and David
Berry. 1Univ. Michigan; 2Univ. Michigan; 3Univ. Michigan.
In neuronal growth cones, adhesions on individual filopodia serve
distinctive functions (Steketee and Tosney, 2002, J. Neurosci. 22, 8071).
Basal adhesions form at nascent filopodial bases before filopodia emerge and
function in filopodial emergence and dynamics. They associate with ‘‘focal
rings’’, newly discovered organelles that orient filament bundling and
mediate substrate anchorage. Shaft adhesions lie along filopodial shafts, lack
focal rings, and control the advance of lamellae (‘‘veils’’). Veil advance is
inhibited by shaft but not by basal adhesions. Shaft and basal adhesions are
targets of environmental cues that modulate motility. To examine the
regulation of these adhesions, we analyzed motile dynamics in growth cones
of avian sensory neurons. Rho GTPases were implicated by our finding that
Cdc42 associates selectively with shaft adhesions, whereas Rac1 associates
selectivelywith basal adhesions. Accordingly, we compared dynamics before
and after altering Rho GTPase activities. Altering Rac1 activity failed to
detectably alter measures of veil activity. However, an inhibitory peptide to
Rac1 decreased focal ring incidence and filopodial emergence, whereas
constitutively active Rac1 increased focal rings and filopodial emergence.Inhibiting Cdc42 activity failed to alter filopodial dynamics, but had a rapid
effect on veil dynamics, increasing veil incidence and the distances veils
advanced down filopodia, in accord with a reduction of shaft adhesions.
These results identify a new way in which Rho GTPases control motility: by
selectively inducing adhesions that differ in function. (NSF#0212326.)313. EphA4–Ephrin Interactions in Patterning Axon Projections.
Catherine E. Krull,1 Elena B. Pasquale,2 and Kathryn W. Tosney1.
1University of Michigan, Ann Arbor, MI 48109; 2The Burnham
Institute, La Jolla, CA 92037.
Motor axons project precisely to their target muscles. We are interested
in unraveling the mechanisms that control the guidance and patterning of
motor axon projections and have focused on the roles of Eph family
members in this process. Recently, we demonstrated that two distinct
subsets of motor neurons express the EphA4 RTK but respond distinctly
to ephrin-A5. Axons of LMC(l) motor neurons avoid territories expressing
ephrin-A5, whereas MMC(m)axons enter readily into ephrin-A5-positive
domains in the somitic sclerotome. We are currently exploring how ephrin-
A5 exerts these distinct effects. One possible explanation is ephexin, a
downstream signaling component that interacts with EphA4. Interestingly,
ephexin is expressed strongly by LMC but not by MMC(m) motor neurons.
Experiments are in progress to block ephexin activity in LMC neurons and
ectopically express ephexin in MMC(m) neurons, to determine whether
ephexin activation can explain the differential responses of motor neurons
to ephrin-A5.314. Different Metalloproteases Function to Regulate Axon Behavior at
Distinct Choice Points in the Optic Pathway. Carrie L. Hehr and
Sarah McFarlane. University of Calgary, Genes and Development
Research Group, Calgary, AB, Canada T2N 4N1.
To grow out to their target, axons receive guidance information from
extrinsic cues in their environment. In the frog, Xenopus laevis, retinal
ganglion cell (RGC) axons make two key guidance decisions en route
through the brain. First, they turn caudally in the mid-diencephalon.
Second, they must recognize the optic tectum as their target. Previously,
we showed that Zn-dependent metalloproteases, known to regulate the
interaction of guidance cues with their receptors in vitro, are required
for Xenopus RGC axons to make both of these guidance decisions. Our
previous work, however, was unable to determine whether it was
members of the matrix metalloprotease (MMP) or A Disintegrin and
Metalloprotease (ADAM) families that were important. Here, we used
an in vivo exposed brain preparation in which RGC axons were
exposed to a specific MMP2/MMP9 mechanism-based inhibitor MMP-
2/MMP-9 Inhibitor IV (Chemicon). Interestingly, only one of the two
guidance decisions was affected: at 50 MM MMP-2/MMP-9 Inhibitor IV
target recognition, but not caudal turn, defects were observed. At higher
concentrations, RGC axon extension was impaired. These data suggest
that different metalloproteases function to regulate axon behavior at two
distinct choice points. (This work was supported by CIHR and
AHFMR.)315. Identification of Genes Necessary for Cranial Motor Neuron
Development in Zebrafish. Kimberly Cooper,1 Amanda Carmany-
Rampey,1 Juli Armstrong,2 and Cecilia Moens1. 1HHMI, Division of
Basic Science, Fred Hutchinson Cancer Research Center, Seattle, WA
98109; 2Whitman College, Walla Walla, WA 99362.
After their initial specification, many neurons in the developing
vertebrate brain undergo complex migrations to their final destinations.
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neurons that, in zebrafish, are born in rhombomere 4 (r4) of the
hindbrain and migrate posteriorly into r6 and r7. Work has shown that
there is a signal in the posterior hindbrain that guides facial motor
neuron migration, but the identity of the molecules that are directly
involved in this process remains elusive. We are using the isl1-GFP
transgenic zebrafish line to conduct a mutagenesis screen in gynogenetic
homozygous diploid embryos to identify mutations that disrupt facial
motor neuron migration. To date, we have identified eight mutants with
defects in the organization or distinct aspects of facial motor neuron
migration. One of these, fh20 is required cell autonomously for posterior
migration of facial motor neurons from r4. While fh20 mutants are
pleiotropic and early lethal, fh20 mutant cells survive and appear normal
in a wild-type host to at least 14 dpf. Linkage mapping determined that
fh20 is in a 0.3 cm region of chromosome 15, and rescue and sequence
analysis determined fh20 is a hypomorphic splice allele of the transcript
elongation factor foggy/spt5. Cloning and characterization of other
mutations identified in this screen should uncover the mechanisms of
facial motor neuron migration as well as perhaps other migrations in the
developing zebrafish embryo.316. The Function of the Alpha 5 Subunit of Laminin in Neural Crest
Cell Development. Edward G. Coles,1 Laura S. Gammill,1 Jeffrey H.
Miner,2 and Marianne Bronner-Fraser1. 1Division of Biology, Cali-
fornia Institute of Technology, Pasadena, CA, 91125; 2Washington
University School of Medicine, St Louis, MO 63110.
During or shortly after neural tube closure in the developing embryo,
neural crest cells migrate away from the dorsalmost portion of the
forming central nervous system and differentiate into many cell types
throughout the embryo. Laminins are a major component of the extracel-
lular matrix and have been shown to influence many aspects of neural
crest migration. In addition to providing structural support, laminins act as
cell attachment sites providing signals for cell proliferation, migration,
and differentiation. Previously, in a screen designed to identify genes
upregulated during chick neural crest induction, the alpha 5 (A5) subunit
of the extracellular matrix molecule laminin was identified. The laminin
A5 subunit is localized in regions of the newly formed neural folds in
cranial and trunk regions that appear to be largely conserved between
chick and mouse. Laminin A5 mutant mice, not previously characterized
for a neural crest phenotype, exhibit a delay in neural crest cell migration
when compared to wild-type littermates. Once crest cells initiate migration
in laminin A5 mutant embryos, they follow aberrant migratory pathways
in both cranial and trunk regions. Moreover, laminin A5 mutant embryos
exhibit severe defects of the forming cranial ganglia and condensing
ganglia in the trunk. However, the ganglia are not totally missing. These
data demonstrate that the function of the laminin A5 subunit is essential
for proper migration and, perhaps, differentiation of some neural crest
populations.317. Monitoring of MEE Cell Motility and Gene Expression during
Mouse Palatogenesis. Yuuichi Soeno, Takako Hirano, Yoshihito
Shimazu, Yuji Taya, and Takaaki Aoba. Nippon Dental Univ., Tokyo,
Japan.
Fusion of branchial arch derivatives is an essential event in the
development of craniofacial architecture. During the secondary palato-
genesis in mammals, opposing shelves fuse each other at medial edge
epithelia (MEE), forming a midline seam that eventually disappears by
apoptosis, migration, or epithelial–mesenchymal transformation (EMT). In
the present study, we investigated cellular events and regulatory molecules
responsible for the palatal fusion in culture. To monitor the fate of MEE
cells, epithelia of palatal shelves obtained from ICR mouse embryos(E13.6) were labeled with carboxyfluorescein CCFSE. Time-lapse exami-
nation of cultured specimens under confocal microscopy proved that some
of the MEE cells exhibited high motility and migration toward the
mesenchyme. These labeled cells, MEE in origin, remained alive in the
mesenchyme but lost expression of cytokeratin and E-cadherin, indicative
of EMT. PCR analysis of spatiotemporal gene expression in conjunction
with laser capture microdissection revealed expression of Rho family and
related genes in the MEE at the midline seam. Of particular interest, snail
was upregulated in MEE islands after disintegration of the midline seam.
Inhibition of snail expression by anti-sense oligodeoxynucleotide (AS-
ODN) resulted in a 4-fold increase in the number of CCFSE-labeled cells in
the mesenchyme in comparison with those found in cultures using sense-
ODN. Furthermore, the majority of these cells were confirmed to have lost
epithelial phenotypes. Our results suggest that snail and related genes may
play a pivotal role in the motility and fate of MEE cells during palatal
fusion.318. Loss of plexinD1 Sends Vascular Pattern out of bounds. Sarah
Childs,1 Jesus Torres-Vasquez,2 Ryan E. Lamont,1 Mark C. Fishman,3
Jau-Nian Chen,4 Brant M. Weinstein,2 and Sherri D. Fraser1. 1Bio-
chemistry and Molecular Biology, University of Calgary, AB; 2Lab-
oratory of Molecular Genetics, NICHD, Bethesda, MD;
3Massachusetts General Hospital, Boston MA; 4Molecular, Cellular
and Developmental Biology, UCLA, Los Angeles, CA.
The signals inducing angiogenesis (the growth of new blood vessels
from existing vessels) are well understood. However, the signals that
organize new blood vessel growth into an efficient circulatory pattern
have not yet been elucidated. Vascular development in the early
zebrafish embryo appears to be highly stereotypic. We have taken a
genetic approach to the identification of new molecules involved in the
guidance of angiogenesis. A genetic screen was conducted to identify
genes involved in the determination of blood vessel pattern. This screen
identified a mutation, out of bounds (obd), that develops grossly
mispatterned vessels. The vessels of obd mutants grow into domains
from which they are normally excluded, suggesting the lack of a
signalling pathway controlling the positional location of vessels. obd
mutant animals also exhibit a temporal disregulation of sprouting,
suggesting that the obd gene product is responsible for inhibiting
angioblast migration during early development. We have positionally
cloned obd that encodes plexinD1, a novel endothelial-specific sempa-
horin receptor. Plexin-semaphorin signalling is known to pattern the
developing nervous system by repulsive signalling when an extending
axon contacts a non-permissive surface. We hypothesize that PlexinD1
works in an analogous fashion in the developing vasculature to guide
nascent vessels.319. Control of Dorsal–Ventral Innervation Choice in the Vertebrate
Limb. Victor Luria and Ed Laufer. Columbia University, New York,
NY 10032.
We are studying how peripheral signals influence the trajectories of
nerves that innervate the vertebrate limb. While neurons in the lateral
division of the lateral motor column LMC(l) project axons to the dorsal
limb, medial LMC(m) neurons project axons ventrally. To elucidate how
LMC(m) axons are targeted, we asked whether axonal trajectories
change in mutants (chick limbless, mouse conditional BmprIa/) with
bi-dorsal limbs that lack ventral limb tissue. We labeled the motor axons
and analyzed the correlation between axon identity and target tissue by
examining the expression of functional molecular markers (Lim1, Isl1/2,
Lmx1b, Eph/ephrins) of LMC subcolumnar identity or of limb DV
identity. In FGF-rescued bi-dorsal limbless limbs, we find that (i) a DV
axon branching occurs and the angle between branches is more obtuse
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originates from LMC(l); the ventral branch originates from LMC(m).
Accurate interpretation of the projection patterns requires determining
whether the bi-dorsal limb transformation is complete in mutants. Using
functional molecular markers of limb DV identity in both mouse and
chick at the time when motor axons make their projection choice, we
find that the bi-dorsal limb transformation in limbless, although exten-
sive, is incomplete, while that of BmprIa/ hindlimbs is complete.
Our limbless results are consistent with LMC(m) axons having an
absolute preference for the ventral limb, in contrast to the known
relative LMC(l) preference for the dorsal limb. A definitive statement
awaits resolution of the BmprIa/ hindlimb projection patterns,
currently underway.320. Vg1 Restricts Endoderm Cell Fate and Movement during Zebra-
fish Gastrulation. Aniket V. Gore, Shijie Tao, Jing Tian, and Karuna
Sampath. Temasek Life Sciences Laboratory, 1, Research Link,
National University of Singapore, Singapore 117604.
During vertebrate gastrulation, signaling by members of the TGF-beta-
related family of proteins is essential for mesendoderm formation. These
are secreted molecules and act as morphogens. For instance, the Nodal-
related factors regulate induction of mesendoderm in several vertebrates.
In addition to the Nodals, another maternally and zygotically expressed
TGF-beta-related molecule Vg1 has also been proposed to have roles in
mesendoderm formation via Nodal receptors and co-receptor. By deplet-
ing Vg1 in zebrafish embryos, we show that Vg1 has roles that are
distinct from Nodal factors in endoderm specification. In contrast to
zebrafish Nodal-related factors Cyclops (Cyc) and Squint (Sqt), which are
both required for endoderm formation, Vg1 restricts the number of
endoderm cells in gastrula stage embryos. In addition, we show that
Vg1 functions in restricting the anterior migration of mesendoderm cells
during gastrulation. Vg1 antagonism of Nodal signaling is not via the co-
receptor One-eyed pinhead. Immunoprecipitation experiments indicate that
Vg1 physically interacts with Cyc. Thus, in addition to the Lefty-related
proteins and Cerberus, Vg1 is another antagonist of the Nodal signaling
pathway, functioning to restrict endoderm cell fate and movement during
gastrulation.321. Hedgehog Signaling and ES Cell Neurogenesis. Sandy Becker,
Jeffrey Thorne, Aarti Bhardwaj, Chungyu Cai, and Laura Grabel.
Wesleyan Univ., Middletown, CT 06459.
There is great interest in using embryonic stem (ES) cell-derived
neural progenitors for transplantation therapies. Toward this goal, we
must first define the signals that regulate ES cell differentiation into
neural derivatives. Using a protocol that involves retinoic acid treatment
of embryoid bodies (EBs), we have previously shown that loss-of-
function mutations in components of the Hedgehog signaling pathway
lead to embryoid body arrest at the primitive ectoderm stage; EB
ectoderm cores cannot go on to generate neurectoderm. We now support
a role for Hedgehog signaling in ES cell neurogenesis using two
additional neural differentiation protocols. When cultured under a
defined medium protocol that selects for survival of neural progenitors,
cells mutant for Indian Hedgehog, or the Hedgehog effector, Smooth-
ened, are unable to support differentiation of neuronal or glial cell types.
These mutant cell lines also fail to generate neurons when cultured in
monolayer under low density, serum-free conditions not involving an EB
intermediate. Using the defined medium protocol, we also demonstrate
that addition of a Hedgehog agonist supports survival or proliferation of
neural stem cells, resulting in more effective neurogenesis. Experiments
are currently underway to define how the agonist promotes neural
differentiation.322. Characterization of Costal2 in Brain Development and Mamma-
lian Hedgehog Signaling. Helen Cheung,1 Rong Mo,2 Xiaoyun
Zhang,2 Shigeru Makino,2 Yoshiaki Yoshikawa,3 Nir Lifshitz,4 Josette
Chen,4 and Chi-chung Hui1. 1Department of Medical Genetics and
Microbiology, University of Toronto, Toronto, Ontario, Canada
M5S1A8; 2Program in Developmental Biology, Research Institute of
The Hospital for Sick Children, 555 University Avenue, Toronto,
Ontario, Canada M5S 1X8; 3Department of Dermatology, Yamaguchi
University, 1667-1 Yoshida, Yamaguchi-shi, 753-8511, Japan; 4Mouse
Imaging Centre, The Hospital for Sick Children, 555 University
Avenue, Toronto, Ontario, Canada M5S 1X8.
The Hedgehog (Hh) signaling pathway is one of the most important
pathways regulating embryogenesis and patterning for both invertebrates and
vertebrates. Perturbation of the Hh pathway leads to congenital malforma-
tions and tumorigenesis. The molecular mechanism of this complex pathway
has only been partially revealed in the fly and poorly understood in the mice.
Drosophila costal2 (cos2) is a vital negative regulator of the Hh pathway.
Loss of cos2 in fly causes upregulation of Hh signal and results in early
lethality in cos2mutant fly.We have identifiedCos2 in mouse and performed
both biochemical and genetic approaches to study the function of Cos2 in the
mammalian Hh signaling. Preliminary Cos2 mutant analysis indicated that
Cos2 is essential for mouse brain development. Complementary to mutant
analysis, cell biology study ofCos2was carried out to study the expression of
Cos2 in brain cells. Our data suggest that Cos2 plays a critical role in brain
development and Hh signaling.323. Generation of Neuronal Diversity in the Chick Tectum. Natalia
Fedtsova1 and Eric E. Turner1,2. 1UCSD, La Jolla, CA 92093; 2VA
Medical Center, San Diego, CA 92122.
In previous work, we have shown that postmitotic tectal neurons are
characterized by specific expression of homeodomain transcription factors of
the POU, LIM, and PAX families (Fedtsova and Turner, 2001). Although the
tectum is organized into a laminar structure, each layer contains a mixture of
neurons expressing distinct homeodomain factors. Examination of the
expression of Pax7 and the POU domain factor Brn3a shows that dividing
tectal precursors uniformly express Pax7. However, postmitotic neurons
derived from these precursors may express either Pax7 or Brn3a, but never
both. How neurons decide their transcription factor phenotype is unclear.
One of the possibilities is that Pax7 and Brn3a neurons could be born at
different times. To determine the time of generation of tectal neurons with
different transcription factor identities, we reinvestigated neuronal birthdates
in chick tectum using injection of low doses of BrdU directly into the
circulatory system of the embryo in ovo. This method overcomes the long
persistence of unincorporated BrdU in the egg and gives similar results to the
pulse-labeling method for mammals. Our data show that Pax7 and Brn3a
neurons are generated from the neuroepithelium simultaneously. A second
possibility for generating a mixed neuronal population is that one class of
neuron enters the tectal lamina from a distant source by tangential migration.
However, homotopic quail-chick transplantation experiments demonstrate
that all tectal phenotypes originate locally from a small region of the
neuroepithelium, and most of them exhibit radial migration, with only a
small cell population undergoing tangential migration.324. Cross-Species Screen for Novel Regulators of Enteric Nervous
System Development. Tiffany A. Heanue and Vassilis Pachnis.
National Institute for Medical Research, London NW7 1AA, UK.
The enteric nervous system (ENS) controls smooth muscle contractions
of the gut wall and secretions from its glands. The ENS is composed of
neurons and glia, organized as interconnected ganglia within the gut wall.
The Ret receptor tyrosine kinase is expressed throughout ENS develop-
Abstracts 617ment. Humans with mutations in the Ret locus have Hirschsprung’s disease
(an absence of enteric ganglia in the colon). Mice lacking Ret have total
intestinal aganglionosis. The Ret mutant mouse provides an ideal tool for
identifying novel genes implicated in the development of the ENS. Using
RNA from wild-type and Ret mutant (aganglionic) gut tissue, we have
successfully conducted differential screens for ENS genes using DNA-
microarray analysis and have reproducibly identified many candidate
markers of the ENS. We have characterized the temporal and spatial
expression of these candidate genes and find the majority are expressed
in the developing ENS. Such genes are potential regulators of enteric
precursor migration, ENS cell differentiation, patterning, and axonogenesis.
We are currently undertaking functional analysis of selected genes using
transgenic and gene knockout strategies. In a parallel approach, we have
identified zebrafish homologues of selected genes and are using antisense
morpholino oligos (MOs) to screen for those genes required for ENS
development. Our experiments show that injection of MOs against Ret
results in fish lacking enteric neurons, a phenocopy of the Ret mutant
mouse phenotype. We are extending this cross-species approach to establish
the role genes identified in our microarray screen in vertebrate ENS
development.325. Regulation of Sympathetic Nervous System Development by
HAND bHLH Transcription Factors. Yuka Morikawa,1 David
McFadden,2 Eric Olson,2 and Peter Cserjesi1. 1Dept. Cell Biology
and Anatomy, LSU Health Sci. Ctr., New Orleans, LA 70112; 2Dept.
Molecular Biology, Univ. Texas Southwestern Med. Ctr., Dallas, TX
75390.
Members of the bHLH family of transcription factors play pivotal roles
in neural determination and differentiation. Two bHLH factors HAND1 and
HAND2 are expressed in the peripheral nervous system with HAND1
expressed in the sympathetic nervous system (SNS) and HAND2 expressed
in sympathetic, parasympathetic, and the enteric nervous systems. The
exact roles the HAND factors play during neuronal development remain to
be determined. During SNS development, the bHLH transcription factor
Mash1 is required for differentiation of SNS neuroblasts. In P19 embryonic
carcinoma cells, HAND2 activates Mash1 and the neural developmental
program. In Mash1/ embryos, Hand2 expression is unaffected in the
SNS. Together, this suggests that Hand2 is an upstream regulator ofMash1.
Hand1 expression begins after Mash1 and expression is dependent on
Mash1 in most neurons. However, neurons that escape the differentiation
block in Mash/ embryos express Hand1. Using HAND1 and HAND2
conditional mutant mouse lines, we are investigating the roles of the HAND
factors during SNS development. By crossing the HAND conditional mice
with a Tg;Wnt1-Cre line, HAND expression is ablated in neural crest cells.
In a cross with Floxed-HAND1, a decrease of SNS neurons is observed,
suggesting a role for Hand1 in SNS development. We are analyzing the
expression of neuronal genes in the SNS to determine the phenotypic
consequences of the loss of Hand1. Analysis of SNS development in the
Floxed-HAND2 line we recently generated will also be presented.326. Characterization of the C. elegans Ray Formation Process via the
Study of mab-22 Gene. K. C. So, S. H. Ho, S. W. Tsang, R. Y. L. Yu,
and K. L. Chow. Dept. of Biology, Hong Kong Univ. of Sci. and
Tech., Clear Water Bay, Kowloon, Hong Kong.
Sensory rays in C. elegans male tail are specialized for mating. A
mutation inmab-22(bx59ts) locus leads to defects in multiple developmental
processes including ray formation. mab-22 mutants show a ray-loss pheno-
type affecting all rays at 25C, while there is mild ray missing phenotype at
20C. Papillae formation inmab-22males is normal at 25C. However, even
though ray cells develop normally, no ray is formed during the retraction
period. This result suggests that mab-22 does not impact on ray cell lineagebut is required for the ray assembly process. In addition, animal larvae
grown at 25C present anteriorly shortened alae and detachment of seam
cells from the SET. mab-22 is also required for viability of the worms in the
embryonic and early larval stages. Mutant embryos developed at 25C are
disorganized and are usually arrested before gastrulation is complete. Thus,
animals developed at 16C or 20C often have the brood size reduced by
one-third. mab-22 mutants exhibits a mild Him (High Incidence of Male)
phenotype. Whether mab-22 is required for X chromosome segregation
remains to be verified. mab-22 was previously mapped on the left arm of
chromosome III. Positional cloning identified a genomic fragment contain-
ing the gene tbx-2 to be able to restore wild-type phenotype in mab-22
animals at 25C. RNA interference of tbx-2 in wild-type males gave a mild
ray-missing phenotype, and mutation mapping confirmed that mab-22
indeed encodes the nematode TBX-2. Additional characterization of this
gene in the ray differentiation process will be reported.327. The Stress-Inducible Hsp70 Is Required for Normal Embryonic
Lens Formation in the Zebrafish. Tyler G. Evans,1 Yoshiyuki
Yamamoto,2 William R. Jeffery,2 and Patrick H. Krone1. 1University
of Saskatchewan, Saskatoon, SK S7N-5E5, Canada; 2University of
Maryland, College Park, MD 20742.
Heat shock proteins (Hsp’s) were originally identified as proteins
expressed following exposure of cells to environmental stress. Several
Hsp’s were subsequently shown to be expressed during discrete periods in
the development of several embryonic tissues. However, only recently
have studies begun to address the specific developmental consequences of
inhibiting Hsp expression. We have shown that the stress-inducible
zebrafish hsp70 gene is expressed during a distinct window of embryonic
lens formation at normal growth temperatures. In addition, a 1.5-kb
fragment of the zebrafish hsp70 gene promoter is sufficient to direct
expression of a gfp reporter gene to the lens, suggesting that hsp70 is
expressed as part of the normal lens development program. Here we have
utilized microinjection of morpholino-modified antisense oligonucleotides
(MO) to show that Hsp70 is required for normal lens formation in
zebrafish embryos. Hsp70-MO-injected embryos exhibited a small eye
phenotype relative to wild-type and control-injected animals. Histological
and immunological analysis revealed a small, underdeveloped lens with
an accompanying immature retinal structure. Numerous TUNEL-positive
nuclei continued to appear in the lens of small eye embryos beyond 2
days of development, but were no longer apparent in untreated embryos
by 48 hpf. Lenses transplanted from hsp70-MO-injected embryos into
wild-type hosts failed to recover and retained the immature morphology
characteristic of the small eye phenotype, indicating that the phenotype is
lens autonomous.328. The Role of LIM Domain-Containing Proteins in Vertebrate Eye
Development. David S. Ji and Mary Ellen Lane. Rice University,
Houston, TX 77005.
The vertebrate eye is a complex sensory structure that requires the
coordinated activity of a diverse population of cells. Processes initiated
during embryogenesis ensure cell diversity and organization of these
different cells into a functional structure. The goal of our laboratory is
to understand, at the cellular and molecular level, the processes that
regulate normal eye development. To this end, we are identifying genes
required for eye development, defining their mechanism of action, and
establishing genetic pathways by determining their interactions. We have
identified the zebrafish lmo4 gene, which encodes a member of the LIM-
only class of proteins, as a regulator of the size and organization of the
eye. Like its murine ortholog, lmo4 is expressed in somitic mesoderm,
branchial arches, otic vesicles, and limb (pectoral fin) buds. In addition, we
report zebrafish lmo4 expression in the developing eye, cardiovascular
Abstracts618tissue, and the neural plate and telencephalon. We demonstrate that
overexpression of zebrafish lmo4 blocks evagination of the optic vesicle,
resulting in a reduction in retinal tissue and an expansion in pigmented
epithelium. Conversely, knocking down lmo4 activity results in a caudal
expansion of the retina. Using the yeast two-hybrid system, we show that
Lmo4 interacts with the zebrafish Ldb1, Ldb2, and Ldb3 LIM domain
interacting proteins. With respect to Ldbs 1 and 2, this interaction occurs
through the N-terminal LIM domain of Lmo4. Preliminary rescue experi-
ments show that the lmo4 overexpression phenotype can be rescued by isl3
overexpression, which suggests islet3 may be a target for antagonism by
lmo4.329. Patterning of the Vertebrate Eye along the Dorso-Ventral Axis.
Ying Liu,1 Giuseppe Lupo,2 Giuseppina Barsacchi,3 Rong-Qiao He,1
and William Harris2. 1Lab of Visual Information Processing, Institute
of Biophysics, CAS, China; 2Department of Anatomy, University of
Cambridge, UK; 3Department of Physiology and Biochemistry, Uni-
versity of Pisa, Italy.
During development, the vertebrate eye is patterned along the Dorso-
Ventral (DV) axis. In particular, the optic stalk (OS) forms from the
ventralmost part of the eye bud, while more dorsal regions give rise to
the retina. Moreover, specific differences exist between the dorsal retina
(DR) and the ventral retina (VR) in terms of morphogenetic movements,
cell type differentiation, and mapping of the retinal axons to the brain (Lupo
et al., 2000). It has been suggested that eye DV patterning depends on
opposing ventralizing and dorsalizing activities of Hedgehog (Hh) and
BMP signals, respectively (Russel, 2003). By overexpression experiments
in Xenopus embryos, we found that, besides Hh, both Retinoic Acid (RA)
and FGF signalling determine strong ventralizing effects on the eye,
expanding the OS and VR territories at the expense of the DR. Moreover,
in co-overexpression experiments, both RA and FGF can cooperate with Hh
signalling and strongly potentiate its effects in ventral eye specification.
Finally, a dramatic expansion of the DR at the expense of the VR and OS is
observed after triple inhibition of Hh, RA, and FGF receptors, while weaker
effects are obtained after inhibition of only one or two of these pathways.
Altogether, these results suggest that ventral eye specification is controlled
by concerted interactions among Retinoid, FGF, and Hh signalling path-
ways.
References
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Russel, 2003. Vision Res. 43, 899-912.330. The Role of WNT Signaling in Patterning of the Anterior Segment
of the Eye. Elena I. Frolova and Valentina M. Fokina. University of
Texas Medical Branch, Galveston, TX 77555-10191.
The lens secrete signal(s) that controls early steps in development of
the anterior structures of the eye, such as the cornea and ciliary
epithelium. We hypothesize that Wnt ligands can serve as such signals.
WNTs are secreted glycoproteins that play important roles in the pattern-
ing of different organs during embryogenesis. As a first step toward
understanding the role of the Wnt signaling pathway in the development
of the anterior segment of the chicken eye, we analyzed the expression
patterns for different members of this pathway by in situ hybridization.
We found that at least five Wnt ligands, cWnt2b, cWnt5a, cWnt5b,
cWnt7a, and cWnt7b, were expressed in the lens during development in a
distinct spatial and temporal manner. In addition, several Frizzled recep-
tors, Wnt ligands, and SFRPs were expressed in different tissues of the
anterior segment of the eye. These results support the hypothesis that Wnt
signaling regulates anterior eye development. To further study the
functional role of Wnt ligands in the patterning of the eye, we overex-pressed cWnt2b, cWnt3a, or cWnt7a in the lens using a noncytopathic
Sindbis virus-based expression vector. These ligands had different effects
on the anterior structures of the eye. Our data suggest that more than one
Wnt signaling pathway modulates eye development.331. A Mechanism of Proliferation of Retinal Progenitor Cells Con-
trolled by rax (Rx) Homeobox Gene. Takahisa Furukawa,1 Koji
Terada,1 Atsushi Kitayama,2 and Naoto Ueno2. 1Osaka Bioscience
Institute/PRESTO, JST; 2Okazaki National Research Institute, Na-
tional Institute for Basic Biology.
We previously isolated the rax (Rx) homeobox gene that encodes a
paired-type homeodomain-containing transcription factor. Rax is one of
the more upstream molecules in the eye formation of vertebrates. Gene
targeting analyses and overexpression studies of rax demonstrated that it
plays important roles in initial eye development and in retinal progen-
itor proliferation. However, downstream effectors of the rax homeodo-
main transcription factor in establishment and proliferation of retinal
progenitor cells have been poorly defined. To investigate the down-
stream targets of rax, we analyzed the gene expression in Xenopus
animal caps upon mis-expression of the Xenopus rax (Xrx1). We mis-
expressed rax and smad10 in animal caps and observed that eye
markers were present in the rax + smad10-mis-expressed animal caps.
This indicated that the molecular cascade of normal eye development is
reproduced in rax + smad10-mis-expressed animal caps. We then
screened macroarrays of Xenopus embryonic cDNAs with probes
synthesized from either control or rax + smad10-mis-expressed animal
caps. We obtained candidate genes for downstream targets of the rax
transcription factor and we have been analyzing them. We will describe
a molecular mechanism underlying the cell proliferation of early retinal
progenitors.332. Fgf3 and Fgf8 Are Required Redundantly for Mouse Otic
Induction. Suzanne Mansour and Tracy Wright. Univ of Utah, Salt
Lake City, UT 84112.
Abstract #332 will be presented as scheduled, but the abstract cannot be
published due to lack of license agreement between authors and publisher.333. The Roles of Mouse Fgf4, Fgf8, and Fgf16 During Early Inner Ear
Development. Ekaterina P. Hatch, Suzanne L. Mansour, and Tracy J.
Wright. Univ. of Utah, Human Genetics, UT 84112.
The inner ear, which contains the sensory organs specialized for
audition and balance, develops from an ectodermal placode adjacent to
the developing hindbrain subsequent to inductive signals arising from the
adjacent neuroectoderm and underlying mesenchyme. Once formed, the
placode begins to invaginate to form a cup, delaminates otic neuroblasts,
and forms a closed vesicle. The vesicle undergoes complex morphogenesis
to form the auditory and vestibular compartments with many specialized
cell types. Eventually, the inner ear becomes a complex sensory structure
with its three axes having distinct morphologic characteristics. Several
intercellular signaling molecules, including the FGFs, are involved in these
processes. We have shown previously that hindbrain Fgf3 and mesenchy-
mal Fgf10 are required to initiate otic development. We have used an
expression screen to assess the potential for roles for all of the other Fgfs
and identified three additional Fgfs with expression in sites relevant to early
otic development, Fgf4, Fgf8, and Fgf16. Fgf4 expression was found in the
preplacodal and placodal ectoderm early in development, suggesting otic
inductive function. Fgf8 was expressed in the otic placode, pharyngeal
endoderm, and mesenchymal regions, partially overlapping with Fgf4 at the
Abstracts 619placodal stages. Fgf16 was restricted to the posterior otic cup and vesicle,
making it one of the first known genes to be asymmetrically expressed in
the inner ear at the otic cup stages. Therefore, the expression pattern of
Fgf16 suggests possible roles in otic cell fate decisions or axis formation.
The roles of these genes in otic development are currently being investi-
gated.334. Notch Signaling Influences the Early Patterning of Xenopus laevis.
Emily C. Pfeil, Stacey P. Coleman, and Kelly A. McLaughlin.
Department of Biology, Tufts University, Medford, MA 02155.
During the earliest stages of development, embryos create three germ
layers, the ectoderm, mesoderm, and endoderm, which eventually give
rise to every tissue and organ system found in the adult organism.
Although much has been learned regarding the signaling molecules
necessary to produce these initial three layers, the molecular mechanisms
mediating their subdivision remain poorly understood. In recent years, the
Notch signaling pathway is involved in mediating a range of cell fate
decisions during embryonic development in a diverse number of organ-
isms and in a diverse range of cell types. Although evidence in
invertebrate systems indicates a role for Notch signaling during the
patterning of the germ layers, the existence of a similar role in vertebrate
organisms remains unclear. We now demonstrate that perturbation of
Notch signaling during early vertebrate development results in the
disruption of the boundaries between mesodermally and endodermally
derived tissues. Our results, in combination with results observed in
invertebrates, strongly suggest an evolutionarily conserved role for Notch
signaling during early development.335. Analysis of a Novel Zebrafish Segmentation Mutant. Wendy Durst,
Clarissa Henry, and Sharon Amacher. University of California, Ber-
keley.
The Notch pathway is crucial for segmentation of the paraxial meso-
derm. In an effort to identify novel regulators of Notch signaling during
segmentation, we have undertaken an in situ-based genetic screen. We have
identified a mutation, b562, which disrupts expression of the hairy/
Enhancer of split-related gene, her1, which encodes a transcriptional
repressor activated by Notch signaling. The expression patterns of a closely
related gene her7 as well as the Notch ligands deltaC and deltaD are also
disrupted in b562 mutant embryos. Expression of genes such as myoD and
paraxial protocadherin is only mildly disrupted, suggesting that there is
residual segmental patterning in b562 mutant embryos. Although somites in
b562 mutant embryos do form, proper maturation of somite boundaries
does not take place. Whereas Focal adhesion kinase (FAK) and titin
accumulate at somite boundaries in wild-type embryos, neither accumulates
strongly at somite boundaries in b562 mutant embryos. TUNEL staining
indicates a significant amount of apoptotic cell death concentrated in the
b562 mutant ectoderm. Interestingly, the b562 mutant somite boundary
maturation defect can be rescued by inhibiting apoptosis, suggesting that
ectodermal signals may promote somite boundary maturation. We are
currently characterizing this rescue and mapping this mutation. In summary,
our results indicate that the b562 mutation identifies a gene that acts
downstream of somite boundary formation to promote boundary matura-
tion, indicating that segmentation and boundary maturation are genetically
separable.336. Analysis of Regulation and Function of six Genes in Embryonic
Zebrafish. Dmitri A. Bessarab, Shang-Wei Chong, Michael Richard-
son, and Vladimir Korzh. Institute of Molecular and Cell Biology,
Singapore 117604.Zebrafish six genes are homologues of Drosophila homeobox gene
sine oculis, which is essential for compound eye formation (Cheyette et
al., 1994; Serikaku and o’Tousa, 1994). Six family genes play important
roles in morphogenesis and cell differentiation (Kawakami et al., 2000;
Xue et al., 2003). Six genes are components of Pax–Six–Eya–Dach
synergistic regulatory network, which in vertebrates is involved in myo-
genesis (Heanue et al., 1999). Mouse Six1 and Six4 act as activators of
muscle-specific genes in cultured cells (Spitz et al., 1998; Ohto et al.,
1999; Himeda et al., 2004). Zebrafish six1, six 4.1, and six4.2 express
during development of muscles and other tissues (Kawakami et al., 2000;
Bessarab et al., in press). We found that Notch and Wnt-Frizzled2
signalling have a role in the regulation of six gene expression. In mind
bomb mutant where Notch signalling is disrupted (Itoh et al., 2003), the
increase of six1 expression was detected suggesting the regulation of six1
by Notch during muscle differentiation. Inhibition of Frizzled2 by
morpholino led to duplication of the neural tube, enlargement of the
notochord, and reduced somites suggesting the role of Frizzled2 in many
lineages. The reduction of somites correlated with the downregulation of
six4.2 expression suggesting that frizzled2 might act upstream of six4.2.
In contrast, the enlarged somites were observed after morpholino inhibi-
tion of Six4.2 indicative of increased cell proliferation in the somite in
the absence of Six4.2. The detailed characterization of frizzled2 and
six4.2 morphants is presently being performed and the results will be
presented.337. Functional Analysis of Two Ihh Target Genes. Milana Chinenkova,
Markus Wenzel, Sabine Schneider, and Andrea Vortkamp. Max-
Planck Institute for Molecular Genetics, Berlin 14195, Germany.
Our laboratory is working on the mechanisms regulating bone
development during mouse embryogenesis. During this process, Ihh
regulates the ossification of the skeletal elements. However, the genes
that act downstream of Ihh in these pathways are poorly investigated. To
identify genes that are directly regulated by Ihh, a PCR-based substructive
screening approach was performed (Clontech). Two of the candidate
genes, ST2-C6 and CT3-F9, are specifically expressed in the newly
formed bone and in the periosteum flanking the Ihh expression domain.
Both represent unknown genes, with homologues in human and mouse.
The first candidate, CT3-F9, codes for a protein of 253 amino acids
containing four potential transmembrane domains. The second candidate,
ST2-C6, codes for a protein of 911 amino acids containing eight potential
transmembrane domains. The 3V-end of this gene is highly conserved
among different species, including mouse, human, Drosophila, and yeast.
ST2-C6 consists of 21 exons with a short alternatively spliced second
exon. Mouse mutants for Runx2 and Osterix (Osx), two transcription
factors required for bone formation, do not express ST2-C6 and CT3-F9,
indicating that both genes act downstream of these transcription factors.
To define the cellular localization of ST2-C6 and CT3-F9, we transfected
COS-7 cells with GFP fusion proteins. ST2-C6 is localized in the
cytoplasm and absent in the nucleus. CT3-F9 is localized in the golgi
apparatus. For functional analysis of ST2-C6, we have generated a
construct to create a mouse carrying targeted deletion of this gene. For
CT3-F9, we plan to perform overexpression experiments in mouse and
chicken.338. Ext1-Dependent Heparan Sulfates Regulate the Range of Ihh
Signaling during Endochondral Ossification. Lydia Koziel,1 Mel-
anie Kunath,1 Andrew P. McMahon,2 Olivia G. Kelly,3 and Andrea
Vortkamp1.1Otto-Warburg Laboratory, Max-Planck-Institute for Mo-
lecular Genetics, Ihnestr. 73, 14195 Berlin, Germany; 2Department
of Molecular and Cellular Biology, Harvard University, Cambridge,
MA 02138; 3Department of Molecular and Cell Biology, University
of California, Berkeley, CA 9472.
Abstracts620Exostosin1 (Ext1) belongs to a family of glycosyltransferases necessary
for the synthesis of the heparan sulfate (HS) chains of proteoglycans, which
regulate signaling of several growth factors. Loss of tout velu (ttv), the
homolog of Ext1 in Drosophila, has been shown to inhibit hedgehog
movement. In contrast, we show that reduced HS synthesis in mice carrying
a hypomorphic mutation in Ext1 results in an elevated range of Indian
hedgehog (Ihh) signaling during embryonic chondrocyte differentiation.
Furthermore, increasing amounts of HS limit the effective range of Ihh
signaling. The combined data suggest a dual function for HS: first, HSs are
necessary to bind hedgehog in the extracellular space. Second, HSs
negatively regulate the range of hedgehog signaling in a concentration-
dependent manner. Additionally, our data strongly indicate that Ihh acts as a
long-range morphogen directly activating the expression of parathyroid
hormone-like hormone. Finally, we propose that the development of
exostoses in the human ‘Hereditary Multiple Exostoses’ syndrome can be
attributed to activation of Ihh signaling.339. Hoxa2 and Craniofacial Skeletogenesis. Nicoletta M. Bobola, Eva
Kutejova, and Bettina Engist. Max-Planck-Institute of Immunobiol-
ogy, Freiburg, 79108 Germany.
In vertebrate, the origin of the facial skeleton is assigned to a migratory
cell population, the cranial neural crest. Of the cranial neural crest, only the
anterior domain has skeletogenic potential and is able to form the cartilages
and bones that contribute to the facial skeleton. This anterior domain of the
cranial neural crest, as opposed to the more posterior neural crest, does not
express any Hox genes. Evidence has been accumulated in the past few
years to indicate that Hox genes control craniofacial development in
vertebrate by inhibiting the formation of the facial skeleton in the areas
where they are expressed. As for the majority of the developmental
processes regulated by Hox genes, their mechanism of action is unknown.
To address this issue, we have looked for Hoxa2 downstream genes during
development of the second branchial arch-derived skeleton. Using a
subtraction approach, we identified several genes as differentially expressed
either down- or upregulated by Hoxa2. We focused our attention on several
genes that are expressed at the site of the ectopic skeletogenic condensa-
tions in the Hoxa2 mutant second branchial arch. Current work is in
progress in our laboratory to address the function of these genes in the
initiation or maintenance of the skeletogenic condensations in the cranio-
facial mesenchyme and to assess whether Hoxa2 regulates these genes
directly.340. BMP Regulation in Pituitary Organogenesis. Shannon W. Davis
and Sally A. Camper. Department of Human Genetics, University of
Michigan.
Bone morphogenetic protein (BMP) signaling is critical for the
development and patterning of the pituitary. BMP4 expression in the
infundibulum is necessary for the early proliferation and growth of
Rathke’s Pouch. Later expression of BMP2 in the ventral domain of
Rathke’s Pouch and the adjacent mesenchyme is thought to establish a
gradient of BMP that counteracts fibroblast growth factor (FGF) signaling
from the dorsal infundibulum. The ventral to dorsal BMP gradient in
conjunction with the dorsal to ventral FGF gradient probably establishes
the five specific cell types of the anterior pituitary in a spatial and temporal
manner. These cell types arise in response to a specific set of spatially
regulated transcription factors that are necessary for pituitary development.
Of these transcription factors, two are regulated by BMPs. It is not known
whether the other transcription factors are regulated by BMPs. We have
begun an investigation to determine if a BMP gradient is formed in the
anterior pituitary and how that gradient regulates these specific transcrip-
tion factors and, therefore, cell type specification. Our initial experiments
have focused on determining the expression pattern of known BMPantagonists within the anterior pituitary. Some antagonists, like follistatin,
are expressed uniformly from the dorsal to ventral aspect of the pituitary
and others, like Dan, are expressed primarily in the mesenchyme around
the developing pituitary. Knowing the expression pattern of these and other
antagonists will help in understanding how a BMP gradient is formed
within the pituitary.341. Pancreatic Islet Innervation in the Context of Murine Pancreas
Development. Regina E. Burris1 and Matthias Hebrok2. 1UC San
Francisco Diabetes Center, San Francisco, CA 94143-0540; 2UC San
Francisco Diabetes Center, San Francisco, CA 94143-0540.
Pancreatic function is closely linked to the function of nerves that
innervate the pancreas. Autonomic neurons are instrumental in maintaining
glucose homeostasis as well as in regulating the release of endocrine
molecules in response to feeding or stress. However, very little is known
about how the pancreas is innervated during development or what
molecular mechanisms govern the coordination of pancreatic islet matura-
tion and innervation. I have utilized confocal and fluorescence microscopy
to describe the morphology and development of sympathetic, parasympa-
thetic, and sensory neurons throughout the developing mouse pancreas,
from early pancreas organogenesis through 4 weeks postnatal. The
techniques used in this study provide a visual assay for innervation
phenotypes in candidate signaling mutants. Therefore, this is a first step
toward elucidating which signaling molecules are necessary for proper
pancreatic innervation.342. Role of Beta-Catenin in Pancreas Development. Jessica Dessimoz,1
Joerg Huelsken,1 Pedro L. Herrera,2 and Anne Grapin-Botton1.
1ISREC, Chemin des Boveresses 155, Case Postale, CH-1066 Epa-
linges s/Lausanne, CH; 2Departement of Morphology, Geneva Med-
ical School, 1 rue Michel-Servet, 1211 Geneva, CH.
Wnt proteins are important signaling proteins in developmental
processes. Components of this pathway, like Wnt proteins, Frizzled
receptors, and inhibitors, are present in the mesenchyme and epithelium
of the developing pancreas. Furthermore, mutations and dysregulations of
B-catenin have an oncogenic effect in the pancreas. We show using a
LacZ reporter in the conductin locus that the B-catenin pathway is active
during pancreas development in a dynamic pattern. To assess the possible
role of Wnt canonical pathway in pancreatic development, we specifically
deleted the B-catenin gene in the pancreas and duodenum using Cre
recombinase under a fragment of the Pdx1 promoter. Using a GFP
reporter in the ROSA26 locus, we observed that the recombinase was
active in pancreas. We analyzed knockout organs at different time points
during development (E12.5 and 14.5) and also in newborns and adult
mice. We could observe a disorganization of the tissue during embryonic
formation, but hormones were expressed and deleted mice were born at
normal Mendelian ratio. At birth, cell numbers in the pancreas were
drastically reduced and most duodenal villi were absent. The histological
structure of the pancreas was reminiscent of oedemal acute pancreatitis.
However, all endocrine and exocrine cell types were present. In adult,
knockout pancreas have totally recovered a normal phenotype. These
observations suggest that there is a competition between wild-type cells
and knockout cells. Wild-type cells may take over and lead to recovery of
pancreas in adult mice.343. The Expression of Rbp-L during Pancreatic Development and in
Various Pancreatic Cancer Cell Lines.Brad G. Hoffman, Teresa Ruiz
de Algara, and Cheryl D. Helgason. BC Cancer Agency, Vancouver,
Canada.
Abstracts 621An understanding of pancreatic development is important in developing
treatments for both diabetes mellitus and pancreatic cancer. Diabetes
mellitus affects approximately 15 million people worldwide, with nearly
10% of those afflicted with the autoimmune type 1 form. To meet the
demand for insulin-producing cells, it would be desirable to utilize
embryonic or pancreatic stem cells. However, a better understanding of
£]-cell development is needed for these strategies to become successful.
Pancreatic ductal adenocarcinomas represent the fifth leading cause of
cancer death in western populations and resist all forms of conventional
therapies. It is thought that developmental signals are re-iterated in
pancreatic cancers and thus analysis of pancreatic development may lead
to the discovery of new therapeutic targets. In this study, we use Serial
Analysis of Gene Expression (SAGE) to study gene expression profiles in
the developing mouse pancreas. Three embryonic pancreas libraries, from
E14.5, E16.5, and E18.5, and a library from purified adult islets were
constructed. Data analysis and validation of these libraries suggested the
importance of Rbp-L, a homolog of Rbp-JK, in pancreatic development. We
show here the Q-PCR validation of the expression profiles of this gene as
well as its cell-type specificity by in situ hybridization. We also show the
expression of this gene in various pancreatic cancer cell lines. In the future,
we intend to further assess the role of this gene in pancreatic development
and in pancreatic cancer. (This project is funded by Genome Canada, the
BC Cancer Agency and NCI-NIH.)344. Examining the Role of pdx1 in Pancreatic Precursor Survival,
Proliferation, and Differentiation. Laura Wilding1 and Maureen
Gannon2. 1Department of Molecular Physiology and Biophysics
and; 2Department of Medicine, Vanderbilt University, Nashville, TN.
pdx1 plays an essential role in pancreas development and B cell
function. It is expressed in all pancreatic cells early in development but
restricted mainly to B cells in adulthood. In pdx1 null mice, pancreas
development arrests shortly after bud outgrowth, making it impossible to
assess the role of pdx1 in the survival, proliferation, and differentiation of
pancreatic precursors. We have generated a transgenic line that allows us to
assess the fate of pdx1 null cells in the context of a largely wild-type
pancreas. A 4.3-kb genomic fragment of pdx1 sufficient to direct proper
expression of a lacZ reporter was subcloned upstream of the Cre recombi-
nase. One transgenic line generated expressed Cre in a mosaic fashion
within the pdx1 expression domain (pdx1-Cremos). pdx1-Cremos was used to
inactivate a floxed pdx1 allele in a mosaic pattern within the pancreas. The
presence of the R26R reporter allows us to track the fate of pdx1 null cells
via lineage tracing. We have evidence that recombination occurs as early as
e11.5, therefore we can target both endocrine and exocrine progenitor cells.
Our results show that the mutant mosaic mice have a smaller pancreas than
their wild-type littermates. Within the pancreas, the mosaic mice also have
fewer B-gal+ cells, suggesting an inability of recombined cells to prolifer-
ate. We are using anti-phospho-histone H3 labeling to test this possibility.
Immunohistochemistry results indicate that mutant cells can incorporate
into both acinar and islet structures. We are currently investigating the
differentiation potential of the mutant cells.345. Analysis of Diabetes Progression in Transgenic Mice Mis-express-
ing the Essential Pancreatic Transcription Factor HNF6. Elizabeth
Tweedie,1 Usa G. Kopsombut,2 and Maureen Gannon2. 1Department
of Molecular Physiology and Biophysics and; 2Department of Med-
icine, Vanderbilt University, Nashville, TN.
Diabetes mellitus is a complex array of diseases sharing a common
inability of the endocrine pancreas to properly regulate blood glucose
levels. A lack of knowledge regarding pre-symptomatic alterations in islet
morphology and function is a major dilemma in efforts to provide adequate
therapeutic treatment for diabetic patients. Thus, a mouse model thatundergoes progressive diabetes would be a beneficial way to study the
effects of chronic hyperglycemia on B cell function. Previous studies in our
lab have demonstrated that strict temporal regulation of the homeodomain-
containing transcription factor HNF6 is necessary for proper pancreatic islet
morphogenesis and function. Using an endocrine-specific enhancer element
from the pancreatic gene pdx1, HNF6 was mis-expressed in transgenic
mice. This results in increased numbers of A cells arranged in an altered
islet architecture and hyperglycemia at weaning, due in part to a down-
regulation of the glucose transporter GLUT2. Further characterization of
these mice indicates that total endocrine mass is not significantly different
from wild-type littermates at weaning. Endocrine mass in transgenic mice
actually appears to decline as mice age, a progression that mimics the
diabetic phenotype reported for human NIDDM. We will describe studies
examining endocrine cell proliferation and apoptosis as potential mecha-
nisms for altered islet composition in HNF6 transgenic mice. Furthermore,
we will introduce genetic and physiological methodologies to rescue
hyperglycemia in these mice.346. Analysis of SCF Function in Xenopus Primitive Hematopoiesis.
Devorah Goldman, Linnea Berg, and Jan Christian. Oregon Health
and Sciences Univ., Portland.
Experimental evidence suggests that the prospective ectoderm provides
essential instructive signals that regulate primitive hematopoiesis during
Xenopus development. We are testing the possibility that stem cell factor
(SCF) is one such ectodermal signal. We cloned two isoforms of SCF that
are approximately 75% identical at the amino acid level and are presumably
encoded by two different genes. Both SCF mRNAs are detected in the
ectoderm after the onset of gastrulation, when prospective blood and
prospective ectoderm first establish close contact with each other. Ecto-
derm-specific expression of both SCFs in regions overlying prospective
blood cells persists through stage 24, consistent with a possible role in
primitive blood progenitor differentiation. To inactivate SCF signaling in
developing embryos, a putative dominant-negative SCF receptor, truncated
c-Kit (DN-Kit), was overexpressed in the prospective posterior ventral
blood island. In addition, translation of SCF in the ectoderm was blocked
by overexpressing a morpholino (MO) that hybridizes to a conserved region
in the 5V UTR of both SCF genes, specifically in the prospective ectoderm.
Both methods of blocking SCF signaling produced similar effects on red
cell differentiation: significant quantitative decreases in the expression of
the differentiation marker globin were detected. We are currently determin-
ing how the absence of SCF signaling blocks primitive red cell differen-
tiation. In summary, our data strongly suggest that SCF plays a critical role
in primitive blood cell progenitor development. This is the first demon-
stration of a requirement for SCF in primitive hematopoiesis in any
vertebrate model.347. The Coordinate Regulation of Pharyngeal Development in C.
elegans by lin-35/Rb, pha-1, and the Ubiquitin Pathway. David
S. Fay, Bethany L. Johanson, and Xiaohui Qiu. University of
Wyoming, Laramie.
Through genetic screens, we have isolated approximately 11 mutations
that lead to synthetic lethality when combined with mutations in the C.
elegans Rb homolog, lin-35. Defects displayed by double-mutant animals
include tissue hyperproliferation, cell-fate defects, and aberrant organ mor-
phogenesis. This abstract focuses on the roles of lin-35/Rb, pha-1, ubc-18,
and ari-1 in the control of pharyngeal development. Importantly, the observed
synthetic defects in pharyngeal development do not appear to result from
perturbations in cell cycle control or differentiation. Rather, the pharynx fails
to complete development due to the inability of pharyngeal epithelial cells to
undergo stereotypical changes in their apical –basal polarities. ubc-18
encodes a ubiquitin-conjugating enzyme with significant homology to
Abstracts622human UbcH7. We have also recently identified the relevant downstream
ubiquitin ligase in this pathway, a conserved RING-finger protein called
ARI-1. Our current model is that LIN-35/Rb, acting through transcriptional
repression, and UBC-18-ARI-1, acting via ubiquitin-mediated proteolysis,
converge on the regulation of a common target or cellular mechanism. The
second mutation affecting pharyngeal development, pha-1, encodes a cyto-
plasmic protein of unknown function. Further genetic analyses suggest that
LIN-35/Rb, UBC-18-ARI-1, and PHA-1 are likely to act via three indepen-
dent pathways.We are currently perusing studies to identify the mutual target
and to understand the precise mechanisms by which these pathways control
organ morphogenesis and the regulation of cell polarity.348. Gob-1 is a HAD Hydrolase Necessary for Intestine Development in
Caenorhabditis elegans. Jay D. Kormish and James D. McGhee.
Department of Biochemistry and Molecular Biology, University of
Calgary, Calgary, Alberta, Canada.
We wish to identify transcription factors and downstream effectors that
direct the development and differentiation of the intestinal cells of the
nematode Caenorhabditis elegans. We have developed a genetic screen in
C. elegans to identify zygotically expressed genes that, when mutated,
result in a gut obstructed ‘‘Gob’’ defect. One of the genes identified, gob-1,
has been identified to be H13N06.3. gob-1 RNAi-affected animals pheno-
copy the gut-obstructed phenotype and exhibit varying degrees of lumenal
malformation, dark crystal-like structures in the intestinal cells and the
presence of lumen twists. Intestine defects can be detected just before
hatching, suggesting that the aberrant lumen morphology is occurring
because of defective embryonic development, not because of subsequent
intestine degeneration. In Gob-1 embryos, adherens junctions and terminal
web morphology appear to be largely normal. gob-1 promoter-driven GFP/
lacZ reporters are expressed in the intestine starting at the 8E cell stage of
embryogenesis. Reporter expression remains intestine specific until the
comma stage, at which point gob-1 becomes expressed in most other cell
types such as the hypodermis and pharynx. GOB-1 is predicted to encode a
novel Haloacid dehalogenase (HAD) hydrolase and is possibly related to a
HAD phosphatase domain recently described for the eyes absent transcrip-
tion factor in Drosophila melanogaster. Progress on the detection of the
intracellular location of GOB-1, any GOB-1-associated phosphatase activ-
ity, and gob-1 mutant defects at the ultrastructural level will be reported.349. Ceruloplasmin and Liver Development in Zebrafish. Svetlana N.
Korzh,1 Alexander V. Emelyanov,2 Zhen Li,1 Vladimir P. Korzh,2 and
Zhiyuan Gong1. 1Department of Biological Sciences, National Uni-
versity of Singapore; 2Institute of Molecular and Cell Biology,
Singapore.
Ceruloplasmin is a liver-specific secreted copper-containing ferroxidase.
According to expression pattern of Ceruloplasmin (Cp) in zebrafish embryos,
the liver primordium appears on a leftside of the embryo ventrad to the
somites 1–2 during late segmentation period (32 h postfertilization). The
left-handed position of the liver is in striking contrast with its opposite
placement in human. This suggests evolutionary variation of the develop-
mental program involved in formation of the left – right asymmetry in lower
and higher vertebrates. The casanova (cas) mutant is deficient in early
endodermal development. In cas, early expression of Cp on a yolk sac is
absent and the liver primordium was not detected. Thus, early Cp-positive
cells of the yolk sacmay represent a subset of endodermal cells affected in the
mutant. Analysis of mutants affecting Hh, FGF, and Wnt signaling and
experimental manipulation of these pathways demonstrated that these path-
ways contributed to the laterality of liver and cell proliferation. It is not clear
whether Cp plays any role in early development of endoderm or liver or both.
It is not clear whether it is expressed in all endodermal cells or only in specific
cell types. To address these problems, we initiated experiments aiming toblock a function of Cp during embryogenesis using antisense morpholino-
based oligonucleotides. These and other results will be presented and
discussed.350. The BMP Antagonist Noggin is Necessary for Heart Morphogen-
esis. Murim Choi, Rolf W. Stottmann, and John Klingensmith.
Department of Cell Biology, Box 3709, Duke University Medical
Center, Durham, NC 27710.
Noggin is a secreted factor that binds bone morphogenetic proteins
(BMPs) and antagonizes BMP signaling through BMP receptor activation.
BMPs have been shown to exhibit many roles in cardiac development,
raising the issue of their regulation as an important control mechanism. In
the heart, Noggin is mainly expressed in myocardial cells of the future right
ventricle and presumably sends signals to the neighboring myocardial cells
and the cells in the inner layer, the endocardial layer. Major heart
phenotypes of Nog mutant embryos include larger endocardial cushions
and thicker myocardium, both caused by increase in cell number. Section in
situ hybridization study has revealed that Bmp2 and Bmp4 expression is
upregulated in Nog/ hearts. We hypothesize that upregulated expression
or activity of BMPs in the myocardium increases endothelial-to-mesenchy-
mal transformation (EMT) process, resulting in hyperplastic endocardial
cushions. In addition, we observed increased cell proliferation, which may
also contribute to the mutant phenotypes. These data, along with BMP
knockout studies, suggest that proper levels of BMP signaling are very
important for the generation of endocardial cushions and later for septum,
valve, and myocardial wall formation.351. Fgf8 is Critical for Anterior Heart Field Development. Erik
Meyers,1 Radwan Abu-Issa,1 Roger Illagen,1 Margaret Kirby,1 Doris
Brown,2 Yin-Xiong Li,1 and Robert Schwartz3. 1Duke Univ. Med.
Cen., Durham, NC 27710; 2Univ. of California, San Francisco, CA
94143; 3Baylor College of Med., Houston, TX 77030.
The extracellular signaling molecule FGF8 is critical for several
cardiovascular patterning events including neural crest cell survival, pha-
ryngeal arch artery development, and outflow tract septation. How loss of
Fgf8 affects outflow tract development remains unclear. Recent studies
have suggested that outflow tract development is dependent on an ‘‘ante-
rior’’ or ‘‘secondary’’ heart field. Here we demonstrate that Fgf8 is
expressed in cells of the presumptive anterior heart-forming field. Utilizing
a null allele in which IRES-lacZ has been inserted into the Fgf8 gene locus
(Fgf8lacZ), we describe the progressive expression of lacZ relative to cells
within cardiovascular forming tissue. Fgf8lacZ cells are localized to the
outflow tract and right ventricle of the developing heart, and appear to
derive from splanchnic and core arch mesoderm, consistent with models of
anterior heart field development. We have also analyzed the phenotype of
severe hypomorphic Fgf8neo/ mouse embryos that exhibit a marked
reduction in outflow including reduction in the size of the right ventricle,
while the inflow tract and left ventricle are relatively normal in size. Finally,
using a Cre/LoxP approach, we demonstrate which expression domains of
Fgf8 are required for outflow tract and right ventricular development. We
conclude that Fgf8 is expressed in and required for cells involved in heart
outflow elongation and right ventricular development, and thus is a critical
signal for the anterior heart-forming field.352. Forces Due to Actin Polymerization Bend the Heart Tube during
C-looping. Mathieu C. Re´mond,1 Kimberly S. Latacha,1 Judy A.
Fee,2 Elliot L. Elson,2 and Larry A. Taber1. 1Washington University,
Department of Biomedical Engineering; 2Washington University,
Department of Biochemistry and Molecular Biophysics.
Abstracts 623Cardiac looping is a morphogenetic process during which the initially
straight heart tube bends and twists, thereby creating the first left – right
asymmetry in vertebrate embryos. Although recent work has made major
strides in delineating the genetic and molecular aspects of looping, the
biophysical mechanisms that drive this process remain poorly understood.
C-looping consists of two primary deformation components: ventral
bending and dextral rotation. This study examines the relative contribu-
tions of actin polymerization and cytoskeletal contraction to the bending
component. Exposure of stage 9–11 chick embryos to actin polymeriza-
tion inhibitors cytochalasin D (0.1–2.0 MM) and latrunculin A (0.75–2.0
MM) suppressed looping in a stage- and concentration-dependent manner.
In contrast, exposure to BDM (30 mM), ML-7 (130 and 260 MM), or
Y27632 (10–80 MM) did not significantly affect looping. To confirm the
effects on ventral bending, hearts were cultured in isolation to remove the
influence of extracardiac forces, which have been shown to affect cardiac
rotation. Isolated hearts exposed to cytochalasin D (5–50 nM) and
latrunculin A (25–200 nM) again displayed a stage- and concentration-
dependent inhibition of ventral bending. Bending progression did not
seem to be affected in hearts treated with the muscle and non-muscle
myosin inhibitors. Taken together, these data suggest that actin polymer-
ization, and not cytoskeletal contraction, drives the bending component of
cardiac C-looping.353. Analysis of Myocardial Differentiation in Zebrafish. Ian C. Scott,
Leonard A. D’Amico, Herwig Baier, and Didier Y. Stainier. UCSF,
Department of Biochemistry and Biophysics, San Francisco, CA.
Unlike what has been observed in skeletal muscle, ‘‘master regula-
tors’’ of cardiac muscle differentiation have not been identified in
vertebrates. We have undertaken a genetic screen in zebrafish to identify
additional genes that regulate the initial specification or proper differen-
tiation of the myocardium. A number of interesting novel mutations that
appear to affect distinct phases of myocardial differentiation including
specifying the proper number of precursors, expansion of the atrial and
ventricular chambers, and later maintenance of the myocardium have been
identified. Results from the initial characterization of these mutants will
be discussed. In addition, a candidate gene approach is being used to
study the role of putative regulators of myocardial differentiation. Previ-
ous work has suggested that the SRF co-factor Myocardin may play a key
role in myocardial induction. Intriguingly, overexpression of murine
myocardin in zebrafish embryos results in ectopic expression of markers
of cardiac and smooth muscle, both in wild-type and MZoep mutant
embryos that normally fail to express these genes. We are currently
investigating the in vivo role of various zebrafish myocardin-related
genes. Further, we wish to determine which factors may imbue smooth
versus cardiac muscle specificity to Myocardin activity.354. Mesenchyme: Angioblast Induction during Early Kidney Devel-
opment. Jordan A. Kreidberg and Xiaobo Gao. Children’s Hospital,
Harvard Medical School, Boston, MA 02115.
Most studies on kidney development have considered the interaction
of the metanephric mesenchyme and the ureteric bud to be the major
inductive event that maintains tubular differentiation and branching
morphogenesis. The mesenchyme produces GDNF, which stimulates
branching, and the ureteric bud stimulates continued growth of the
mesenchyme and differentiation of nephrons from the induced mesen-
chyme. Here we describe the role of a third cell type, the angioblast, that
is involved in a novel set of inductive events. FLK-1-expressing angio-
blasts have previously been identified in the periphery of the induced
mesenchyme and adjacent to the stalk of the ureteric bud. Blockade of
signaling through Flk-1 decreases branching of the ureteric bud and
expression of several markers of the induced mesenchyme, includingPax2. Using a novel system for microinjecting and electroporating
plasmid expression constructs into murine organ cultures, it has been
demonstrated that VEGF-A expression in the induced mesenchyme is
regulated by WT1, and that VEGF-A can stimulate branching of the
ureteric bud. Thus, this work demonstrates the presence of a second set of
inductive events involving the mesenchymal and angioblast populations
whereby WT1-stimulated expression of VEGF-A elicits an as yet uniden-
tified from the angioblasts that is required to maintain the induced state of
the mesenchyme and promote branching morphogenesis. At least one
target of this angioblast-derived signal appears to be the regulation of
Pax-2 mRNA stability.355. Role of BMP Signaling during the Development of the Embryonic
Kidney (pronephros). Karolina Mizeracka,1 Stefan Wawersik,2 and
Kelly A. McLaughlin1. 1Department of Biology, Tufts University,
Medford, MA 02155; 2Department of Cell Biology, Harvard Medical
School, Boston, MA 02115.
Members of the bone morphogenetic protein (BMP) family exhibit a
dynamic expression pattern throughout embryogenesis in a wide range
of species. In particular, previous research has demonstrated that BMPs
serve as important regulators of the development of the definitive, adult
kidney (the metanephros). An unusual organ, the creation of the
metanephric kidney is contingent on the proper formation of two earlier
excretory systems, the pronephros and the mesonephros. To date,
although much has been learned about the role of BMP signaling
during metanephric development, the role of this important signaling
pathway has not been carefully examined during the development of the
earliest nephric system, the pronephros. As such, in this study, we
investigated the role of BMP signaling during pronephric development
using the amphibian model system, Xenopus laevis. Our studies showed
that the perturbation of BMP signaling during the development of the
pronephros altered the normal expression of numerous molecular
markers of kidney development and patterning. Results from these
experiments strongly suggest that BMP signaling not only mediates
the formation of the adult kidney, but also plays a newly identified role
in the formation and patterning of the earlier embryonic, pronephric
kidney.356. Role of Fibroblast Growth Factors in the Developing Kidney.
Carlton M. Bates, Haotian Zhao, Heather Kegg, and Sandy Grady.
Center for Human and Molecular Genetics, Children’s Research
Institute, Columbus, OH 43205.
Fibroblast growth receptors (FGFRs) consist of four signaling family
members with multiple isoforms and 22 known ligands. While FGFRs1–4
are expressed in the developing kidney, mice with targeted deletions of
fgfr3 or fgfr4 have no obvious renal phenotype. Mice with deletions of fgfr1
or fgfr2 are early embryonic lethal before the onset of kidney development.
Our purpose was to determine the roles of FGFR1 and FGFR2 in the
developing kidney using a conditional targeting approach. To that end, we
generated or obtained transgenic mice driving expression of cre recombi-
nase in the ureteric bud or the metanephric mesenchyme in the developing
kidney, respectively. We then bred those mice with mice containing lox-p
sites flanking critical regions of fgfr1 or fgfr2. Deletion of fgfr1 in the
ureteric bud appears to have no effects in the kidney. Deletion of fgfr2 in the
ureteric bud results in severe ureteric bud branching and stromal patterning
defects, indicating that FGFR2 mediates critical signaling between those
two lineages. Deletion of fgfr2 from the early metanephric mesenchyme
results in duplicated ureters and hydroureter, suggesting that mesenchymal
FGFR2 signaling is crucial in directing the ureteric bud initiation site from
the Wolffian duct. Combined fgfr1/2 deletion in the early metanephric
mesenchyme results in total kidney agenesis, possibly from an intrinsic
Abstracts624mesenchymal defect or absence of ureteric bud initiation. In conclusion,
conditional targeting of fgfr1 or fgfr2 reveals critical roles for these
receptors in different developing renal lineages and at different stages of
kidney development.355. The Role of Osr1 during Kidney Formation. Thomas Schultheiss,1
Richard James,1 Qingru Wang,2 and Rulang Jiang2. 1Molecular and
Vascular Biology, Beth Israel Deaconess Medical Center and Harvard
Medical School, Boston, MA; 2Center for Oral Biology and Dept. of
Biomedical Genetics, University of Rochester School of Medicine and
Dentistry, Rochester, NY.
All vertebrate kidney tissues are derived from the intermediate
mesoderm (IM), which is located adjacent to the embryonic somites.
The zinc finger-containing gene odd skipped related 1 (osr1) is the earliest
known marker for the IM, being expressed as early as Stage 5 (mid-
gastrula) in the chick embryo. As development proceeds, osr1 is down-
regulated in differentiating kidney tissues and maintained only in undif-
ferentiated IM. In mouse metanephric mesenchyme, osr1 is expressed in
the caps of condensed mesenchyme surrounding the branching ureteric
bud. To study the role of osr1 during kidney formation, mouse embryos
lacking osr1 function were examined. Osr1 mutant mice exhibit severe
deficiencies in nephric duct and mesonephric tubule formation. Apoptosis
in the nephric ridge is greatly elevated, and the nephric duct is interrupted
and truncated and fails to extend to the cloaca. Mesonephric expression of
the tubule and duct-associated genes pax2 and lim1 is greatly reduced,
while expression of WT1, which marks the coelomic wall and future
glomerulus, is largely unaffected. While osr1 mutant mice die at embry-
onic day 11, precluding examination of metanephric kidney formation,
examination of day 10.25 embryos reveals the absence of normal pax2
expression in the metanephric rudiment. Mis-expression of osr1 in somitic
mesoderm by electroporation in chick embryos leads to ectopic expression
of pax2. These results establish osr1 as an important early regulator of
kidney formation.358. Identification and Functional Analysis of a Pronephric Tubule
Specific Gene in Xenopus laevis. Sanghee Kim and Jinkwan Han.
Pohang Univ. of Science and Technology, Kyungbuk, Korea.
Here we report the identification and initial characterization of two
Xenopus novel genes whose transcripts are specifically localized in the
developing pronephric tubule from early stages. Both genes encode the
same 122 amino acid in the ORF but contain different UTR in length and
sequence. We named these genes xPTOF (Xenopus Pronephric Tubule
Organizing Factor) I and II. RT-PCR analysis shows that xPTOF I and II are
zygotic genes whose expression begins at the stage 10.5. The spatial pattern
of expression appears to be identical in both genes as analyzed by whole
mount in situ hybridization. The expression of xPTOF I and II was first
detected at the region of the pronephric anlage from stage 12. These
expressions are increased in pronephric cells through the neurula stage.
From stage 27, when the formation of pronephric tubule is initiated, their
transcripts could be found only in the capsule of pronephric tubule. These
expression patterns of xPTOF I and II continue until the stage 47. To
investigate the function of xPTOF genes, we performed loss-of-function
experiments using synthetic 21nt siRNAs capable of disrupting xPTOF
function. Morphological analysis of Xenopus embryos injected with 21 nt
siRNAs revealed the abnormal formation or complete absence of proneph-
ric tubule. In addition, downexpression of xPTOF using siRNAs decreases
lim-1, pax-2a, and pax-8, and overexpression of xPTOF mRNA increases
lim-1, pax-2a, and pax-8 in pronephros cultured from animal caps. These
results suggest that xPTOF may be required not only for pronephric
tubulogenesis but also for induction of pronephric primordium during
development of the Xenopus pronephric kidney.359. Withdrawn360. Abnormal Development of the Intercostal Muscles and the Rib
Cage in Myf5/ Embryos Leads to Pulmonary Hypoplasia.
Mohammad R. Inanlou and Boris Kablar. Dalhousie University,
Halifax, NS, Canada B3H 4H7.
We investigated the role of lung expansion, executed by the contractile
activity of the intercostal respiratory muscles, on lung organogenesis. Lung
growth was compared between Myf5/ embryos, lacking rib cage and
functional intercostal muscles, and wild-type littermates at embryonic days
14.5, 16.5, and 18.5. Myf5/ embryos were found to suffer from
pulmonary hypoplasia because of decreased proliferation and increased
apoptosis of pulmonary cells. Consistently, the proximal-to-distal gradient
of the thyroid transcription factor-1 expression was disturbed in hypoplastic
lungs. The number of pulmonary cells expressing platelet-derived growth
factor-BB, its receptor, and insulin growth factor-I was significantly
decreased at the later stages of Myf5/ lung development. Collectively,
our data affirm the importance of lung expansion in triggering mechano-
chemical signal transduction pathways required for normal lung organo-
genesis in utero. (Supported by NSERC, HSCF, and CFI grants to BK.)361. The Role of Neurotrophins in the Esophageal Skeletal Muscle
Transdifferentiation and Acetylcholine Receptor Transition. Boris
Kablar and Tyler Reddy. Dalhousie University, Halifax, NS, Canada
B3H 4H7.
The aim of our study was to investigate whether esophageal innervation
and neurotrophic factors have a role in the change of the muscle phenotype
from smooth to skeletal and in the transition of acetylcholine receptor type
from nicotinic to muscarinic. We find that non-transdifferentiating muscle
cells (i.e., the esophageal smooth muscle cells that do not become skeletal
because of the absence of Myf5 and MyoD) in the double-mutant
esophagus fail to develop the striated phenotype of acetylcholine receptors.
The development of vagal and enteric innervation is delayed in double-
mutant esophagus, but it is reestablished 2 days before the end of gestation.
The smooth muscle cells in the double-mutant esophagus are a distinct
subpopulation of cells. Their ability to transdifferentiate may be based on
their competence to express neurotrophins and their receptors. (T.R. is
recipient of a NSERC Undergraduate Student Research Award. This work
was supported by NSERC, HSCF, and CFI grants to BK.)362. Dimerization Partners and Tissue Context Regulate Twist Activity
during Myogenesis. M. C. Wong1 and M. K. Baylies2. 1Weill GSMS,
Cornell Univ.; 2Sloan-Kettering Institute, NY, NY.
Twist (Twi), a basic-Helix-loop-Helix transcriptional regulator, plays
multiple roles during mesodermal development in both Drosophila and
vertebrates. We have shown that, in Drosophila, two distinct activities for
Twi depend on its choice of dimerization partner: Twi homodimers activate,
whereas Twi/Daughterless heterodimers repress muscle gene transcription
(Da, the vertebrate E protein homolog). Curiously, Twi/Da activates
myogenic gene transcription when expressed in the ectoderm, suggesting
that tissue context drives the capacity of these dimers to activate target
genes. Preliminary results indicate that this switch between activator and
repressor state is regulated by ectodermally derived signals. In addition,
domain mapping of Da reveals a transcriptional repression domain (REP
domain), which, when deleted, causes Twi/Da heterodimers to activate
muscle gene expression in both ectoderm and mesoderm. Thus, while Twi
levels determine formation of specific Twi dimer couples, the particular
function of the Twi/Da dimer pair is dependent on an activity that acts
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identify proteins that interact with Da REP. From this screen, we identified
Importin A-3 (Imp A-3) and Pendulin (Pen), both importin A proteins.
These proteins bind nuclear localization signals and function in nucleocy-
toplasmic transport. Both Imp A-3 and Pen are expressed in the appropriate
tissue and time to interact with Da. Our working model is that the ability of
Twi/Da to act as a repressor depends on regulated nuclear import. Further
experiments to test the significance of this interaction will be discussed.363. Touchtone Promotes Survival of Embryonic Melanophores in
Zebrafish. Robert a. Cornell,1 Elizabeth Yemm,1 Wei Li,1 Claudia
d’Alencon,1 Lauren Wegman,1 Judith S. Eisen,2 and Anita Zahs3.
1Univ. of Iowa, Iowa City, IA 52242; 2Univ. of Oregon, Eugene, OR
97403; 3Simpson College, Indianola, IA 50125.
To identify genes that direct neural crest precursor cells to adopt and
maintain specific differentiated cell fates, we carried out a mutagenesis
screen in zebrafish and isolated mutants that lack neural crest-derived
melanophores. Here we describe the phenotype of one such mutant,
touchtoneb722 (tct), and the map position of the gene it defines.
Melanophore precursors are specified in approximately normal numbers
in homozygous tct mutants. However, differentiated melanophores are
pale, small, and undergo cell death. Dependence of melanophore survival
on Tct is cell-autonomous. Other neural crest derivatives, including other
pigment cell types, appear grossly normal in tct mutants. Interestingly, tct
mutant embryos undergo a temporary period of nearly complete paralysis
during the second day of development, although markers of axons of
motor and sensory neurons look normal during this time. Rare tct
mutants that survive to adulthood are much smaller than wild types,
indicating a role for Tct in embryonic survival and post-larval growth.
Finally, although C-kit suppresses apoptosis in embryonic melanophores
in both zebrafish and mammals, we did not detect synthetic interactions
in c-kit; tct double mutants, suggesting Tct regulates melanophore
survival via a distinct genetic pathway from C-kit. The tct gene maps
to a 0.1-cm interval near a telomere of chromosome 18. Thus, we have
identified a zebrafish mutant that may serve as a model of human
diseases, such as Griscelli syndrome, that have both pigmentation and
neurological symptoms.364. Alopecia and Epidermal Hyperplasia in Adult Male Mice Lacking
Normal Patched2 Function. Erica Nieuwenhuis,1 Jun Motoyama,2
Yoshiaki Yoshikawa,3 Xiaoyun Zhang,1 Rong Mo,1 Michael A.
Crackower,4 and Chi-chung Hui1. 1Program in Developmental Biol-
ogy The Hospital for Sick Children, Department of Molecular and
Medical Genetics University of Toronto Canada; 2Molecular Neuro-
pathology Group Brain Research Institute Japan; 3Department of
Dermatology Yamaguchi University Japan; 4Amgen Inc Thousand
Oaks USA.
Hedgehog (Hh) signaling plays pivotal roles in the patterning and
development of many tissues in Drosophila and vertebrate embryos. The
Patched1 (Ptc1) gene, which encodes a receptor for Hh, is mutated in
nevoid basal cell carcinoma syndrome (NBCCS), a genetic disorder in
humans associated with a variety of developmental abnormalities and high
incidences of basal cell carcinoma and medulloblastoma. We have previ-
ously identified a second mammalian Patched gene Ptc2 and demonstrated
that it shows a distinct expression pattern during mouse embryogenesis
suggesting a unique role in development. Most notably, Ptc2 is expressed
in an overlapping pattern with Shh in the epidermal compartment of
developing hair follicles, and is also highly expressed in the developing
limb bud, cerebellum, and testis. We describe here the generation and
phenotypic analysis of Ptc2-deficient mice. Despite the dynamic expression
of Ptc2 during embryonic development, Ptc2-deficient mice are viable,fertile, and apparently normal. Interestingly, adult Ptc2-deficient male
animals develop skin lesions consisting of alopecia, ulceration, and
epidermal hyperplasia. While functional compensation by Ptc1 might
account for the lack of a strong mutant phenotype in Ptc2-deficient mice,
our results suggest that normal Ptc2 function is required for adult skin
homeostasis.365. Regulation of Early Gonadogenesis and Organ-Specific Sexual
Dimorphism in C. elegans. Christopher Tilmann,1 Laura Mathies,2
and Judith Kimble1. 1Univ. of Wisconsin and HHMI, Madison, WI
53706; 2North Carolina State Univ., Raleigh, NC 27695.
The proper development of organs requires the coordination of cell
division, cell fate specification, and morphogenesis. Another level of
complexity occurs in sexually dimorphic organs, such as the gonad,
where sex-specific cell divisions and fate decisions must be linked to
the sex-determining pathway. In C. elegans, sexual dimorphism is
regulated by the TRA-1/GLI transcription factor. We have found that
TRA-1 controls early gonadogenesis in both sexes in addition to its better
known role in sex determination. Specifically, TRA -1 is a key regulator
of the position and polarity of somatic gonadal precursors (SGPs) in the
gonad primordium of both XX and XO animals. The fkh-6 gene acts
downstream of tra-1 to initiate male-specific gonadogenesis in XO
animals, and acts redundantly with tra-1 to regulate gonadal cell divisions
(Chang et al., 2004). We have identified an additional gene that governs
male-specific gonadogenesis, which we tentatively call man-1. XO ani-
mals homozygous for man-1(q626ts) have a feminized gonad. XX man-1
mutants have minor defects in gonadogenesis, but are homozygous fertile.
We find that man-1(q626ts) reduces fkh-6 expression. Preliminary data
also suggest that man-1 plays a role in distal tip cell specification by
regulating POP-1/TCF asymmetry in the gonad. Current experiments are
aimed at cloning the man-1 locus and analyzing it genetically to
understand how it regulates multiple pathways required for sexually
dimorphic cell divisions and fate specifications.366. Specification of the Indifferent Gonad in the Avian Embryo. Jamil
B. Scott1 and Thomas M. Schultheiss2. 1Harvard Medical School,
Boston, MA 02115; 2Beth Israel Deaconess Medical Center, Boston,
MA 02215.
The indifferent gonad is a unique organ in that it has the potential to
give rise to either an ovary or a testis, while in other organ systems, one
tissue primordium gives rise to only one terminally differentiated organ.
Much effort has gone towards studying later time points in gonad
development, such as sex determination and sexual differentiation, whereas
relatively little attention has been given to understanding the events that
cause the initial specification of the indifferent gonad. The goal of this
research is to further clarify this issue by determining the molecular signals
and tissue interactions that are required for indifferent gonad specification.
In initial studies, we have determined the time and place of expression of
various genes with a role in gonad development. These genes include WT-
1, Lhx9, DMRT-1, AMH, and Sox-9. Among these, Sox-9 was determined
to be the earliest expressed, gonad-specific marker and was expressed at
HH stage 20. We then designed an in ovo microsurgery experiment that
tests the requirement of the mesonephric kidney in specification of the
indifferent gonad. We learned that in the absence of the mesonephric
kidney, gonad-specific genes are not expressed. In the partial absence of
the mesonephric kidney, our data suggest that the cells that give rise to the
gonad may initially reside in the dorsal mesentery. We are working on an in
vitro culture system that will be used to determine which tissues are
competent to give rise to the gonad and when they gain this competency.
This system will also be used to test a variety of molecular signals that may
be involved in the specification of this tissue.
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using Serial Analysis of Gene Expression. Tianjiao Zhang, Teresa
Ruiz de Algara, Brad Hoffman, and Cheryl D. Helgason. Department
of Cancer Endocrinology, BC Cancer Agency, Vancouver, B. C, V5Z
1L3, Canada.
Prostate organogenesis is initiated shortly after embryonic day 16.5
(E16.5) through mesenchyme–epithelial (M–E) interactions in the urogen-
ital sinus (UGS). Postnatal day 1 (P1) represents the initiation of extensive
epithelial branching. In contrast, the adult dorsal prostate (ADP) is relatively
growth ‘‘quiescent’’. These three tissues were isolated from C57BL/6J mice
for RNA extraction and construction of serial analysis of gene expression
(SAGE) libraries using the LongSAGE technique. Bioinformatic compar-
isons were carried out among these three libraries and against SAGE
libraries from numerous other tissues to identify candidate genes important
in differentiation of the prostate epithelium (thus highly expressed at E16.5),
postnatal branching (expressed at high levels at P1), and novel prostate-
‘‘specific’’ genes. Wnt signaling is important in M–E interactions, and
among the 406 tags highly expressed at E16.5, we identified two members of
this pathway—Sfrp2 and WISP-1. These two genes were chosen for further
study. Comparisons also revealed six transcription factors differentially
expressed at P1 that are likely to be important in prostate branching
morphogenesis. Real-time PCR was used to validate the expression levels
of these genes. In addition, rapid amplification of cDNA ends (RACE) PCR
is being used to evaluate seven putative novel prostate-specific genes. In
summary, our SAGE analyses have allowed us to identify candidate novel
genes as well as to evaluate expression levels of known genes, all of which
may play important roles in prostate development.368. The Expression of the FGF Ligand Branchless in the Drosophila
Bridge Cells, Required for Tracheal Dorsal Trunk Elongation, is
Regulated by the Selector Genes Extradenticle and Homothorax.
Samir Merabet, Andreas Ebner, and Markus Affolter. Uni. of Basel
4056, Suiss.
Tubular branch outgrowth of the Drosophila tracheal system is guided
by the local and highly dynamic expression pattern of the Branchless (Bnl/
dFGF) protein, a secreted FGF-like molecule surrounding each tracheal
metamere. Studies have revealed that, in addition to dFGF/Bnl, a special-
ized cell type of mesodermal origin, termed bridge-cell, serves as guiding
post for dorsal trunk (DT) elongation. The transcriptional factor Hunchbach
(Hb) is required inside the bridge cell to exert this function. Here we report
several antagonistic lines of evidence suggesting that a Hb-dependant
expression of the dFGF/Bnl ligand in the bridge cell is the main cellular
guidance mechanism for DT elongation. Moreover, we show that the
expression of Hb in bridge-cells is controlled by the Extradenticle (Exd)
and Homothorax (Hth) proteins. In many cases, these two proteins have
been extensively described to be transcriptional cofactors of the Hox
selector proteins. However, we observed that Hox genes have no function
on bridge cell specification, suggesting a new independent role for exd and
hth during tracheal system morphogenesis, as it has already been described
for antenna determination process.369. Origin of the Epithelial Anlage of the Avian Bursa of Fabricius.
Nandor Nagy, Attila Magyar, and Imre Olah. Semmelweis University,
Faculty of Medicine, Budapest, Hungary.
Bursa of Fabricius is a central lymphoid organ of the birds that is
responsible for B lymphocyte development and maturation. It is generally
accepted that the bursal epithelial anlage develops from the endoderm,
actually it is a cloacal diverticulum. In the cloacal plate, the endoderm and
the anal invagination of the ectoderm are juxtaposed, so both the endoderm
and the ectoderm can contribute to the epithelial anlage of the bursa ofFabricius. The bursal duct is anatomically connected with the ectodermal-
derived portion of the cloaca (proctodeum) that makes also questionable the
endodermal origin of the bursa epithelium. The aim of this study was to
clarify the endodermal or ectodermal origin of the bursal epithelial anlage.
In chimeric experiments, the tail bud’s ectoderm and partially the mesoderm
were removed of the 15 HH stage chicken embryos and the endoderm was
ablated from the age-matched quail embryo’s tail bud. The ectoderm and
mesoderm of the quail tail bud were transplanted into the place of chicken
tail bud and further incubated for 12 days. In these tail bud chimeric birds,
the developing bursa was connected with the quail ectoderm and colonized
by chicken hemopoietic cells. The host origin of B lymphocytes and
dendritic cells has been shown by Bu-1b and 74.3 chicken-specific
monoclonal antibodies, respectively. QCPN-positive (quail origin) cells
expressed cytokeratin, providing circumstantial evidence for the ectodermal
origin of bursal epithelial anlage.370. Mrj-Deficient Trophoblast Cells Exhibit Disrupted Keratin Inter-
mediate Filaments. Erica D. Watson, Colleen Geary, and James C.
Cross. Univ. of Calgary, Calgary T2N 4N1, Canada.
The DnaJ/Hsp40 family of co-chaperones activates the chaperone-
associated ATPase activity of Hsp70 though their physiological substrates
are largely unknown. The MRJ co-chaperone is widely expressed in adults,
developing embryos, and placental trophoblast cells.Mrj mutant mice die at
mid-gestation due to a chorioallantoic attachment defect during placental
development. Interestingly, tetraploid chimera experiments indicate thatMrj
is required in the chorion trophoblast but not the mesothelium or allantois
for chorioallantoic attachment. Recent studies suggest that MRJ associates
with keratin (K)18, an intermediate filament protein in trophoblast cells.
Strikingly, immunofluorescence of K18 and K8 in Mrj-deficient trophoblast
cells revealed a collapsed keratin network. Instead of normal, dense
filaments, mutant cells had either sparse filaments or a few large aggregates.
Histological sections of Mrj-deficient placentas revealed reduced immuno-
reactivity for K18 and the desmosomal protein desmoplakin in chorion
trophoblast cells. These data are consistent with MRJ regulating the
establishment or maintenance of the keratin cytoskeleton. A lack of proper
keratin cytoskeleton may inhibit a stable association between the chorion
trophoblast and mesothelium. As a result, signaling between these two cell
layers may be disrupted, thereby preventing chorioallantoic attachment. K8
and K18/19 knockout mice also have a placental phenotype; however, it is
distinct from Mrj mutants: chorioallantoic attachment is normal. This
implies that the consequences of keratin deficiency differ from those
associated with Mrj deficiency.371. Early Fin Primordia of Zebrafish Larvae Regenerate by a Similar
Growth Control Mechanism with Adult Regeneration. Atsushi
Kawakami, Taro Fukazawa, and Hiroyuki Takeda. Univ. of Tokyo,
Tokyo 113-0033, Japan.
Some vertebrate species including urodele amphibians and teleost fish
have a remarkable ability to regenerate lost parts of the body. Studies have
been mainly focused on such ‘‘epimorphic regeneration’’ in adult tissues.
However, it is well known that larval or fetal tissues of most non-
regenerative vertebrate species including humans have higher regeneration
ability. For example, the Xenopus frog restores tail and limbs during tadpole
stages, but not in adult. It has not been clearly documented whether the
repair of injured tissues during early developmental stages is based on the
same, or a similar, process with adult regeneration. Here, we present
evidences that the tissue repair process of early zebrafish fin primordia is
similar to that of adult regeneration: (1) the epithelial cells with different
molecular identity from adjacent membrane fin epithelium (the wound
epithelium) are formed at the stump surface before the restoration, (2) a
population of rapidly proliferating cells (blastema cells) are formed within
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adult fin regeneration, specifically inhibits larval regeneration without
disturbing the cell division associated with normal growth. From these
data, we conclude that the same regeneration machinery may present from
early developmental stages to adulthood of zebrafish. We speculate that
regeneration may be a ubiquitous mechanism against injury, but the control
mechanism that directs the initiation and termination may differ depending
on developmental stages, tissues, and species.372. Identification of Genes Required for Blastema Formation in
Zebrafish Caudal Fin Regeneration. Geoffrey G. Whitehead, Shinji
Makino, Soo Kim, and Mark T. Keating. Harvard Medical School,
Boston, MA 02115.
The inability to regenerate is the fundamental cause for many degener-
ative diseases. In contrast to humans, zebrafish regenerate many tissues and
are amenable to genetic analyses.We have shown that caudal fin regeneration
in zebrafish involves wound closure, dedifferentiation, cell migration,
blastema formation, proliferation, and outgrowth. To identify the genetic
requirements for dedifferentiation and blastema formation, we performed a
forward genetic screen. This screen was temperature-sensitive since we
assumed that genes important in regeneration also play substantial roles in
development. Themutant frd5 forms a thickenedwound epithelium and lacks
blastema formation and subsequent outgrowth. Surprisingly, this early
regeneration defect is observed at both the permissive and restrictive temper-
atures, suggesting this mutation is regeneration specific and not required
through development. Positional cloning has narrowed the critical region
down to a 200-kb segment containing four genes, including an uncharac-
terized FGF.We have previously shown that FGF signaling is required for fin
regeneration, and therefore analyzed this gene. We have discovered a
mutation in a highly conserved amino acid in the FGF core domain. In
accordance to the early defect in regeneration, this FGF was transiently
upregulated in the initial stages of regeneration. Since FGFs play many roles
throughout development, it is surprising that this mutation has such a minor
developmental phenotype. These results provide evidence that frd5 encodes
an uncharacterized FGF specific for regeneration during blastema formation.373. Expression of Hsp 70 During Development and Limb Regenera-
tion in the Axolotl.Mathieu Le´vesque,1 Mireille Pilote,1 Jean-Charles
Guimond,1 and Ste´phane Roy2. 1Dept. Biochemistry; 2Dept. Stoma-
tology, Univ. de Montre´al, Montreal, Canada, H3T 1J4.
Urodele amphibians (e.g., axolotls) have the unique ability, among
vertebrates, to perfectly regenerate many of their body parts including
limbs, brain, skin, spinal chord, and tail. Limb regeneration is a complex
process that requires cellular and molecular mechanisms that include wound
healing, cellular migration and proliferation, distinct gene expression and
cellular dedifferentiation, and redifferentiation. Limb regeneration is divid-
ed into two main steps: the preparation phase that includes wound
epithelium and blastema formation; and the redevelopment phase when
dedifferentiated cells proliferate and redifferentiate to give rise to all
missing structures. To understand regeneration, we need to know which
genes are implicated or expressed during this process. The present study
focuses on Hsp 70, a member of the heat shock protein family, a molecular
chaperone that mediates proper folding of cellular proteins and protects
them in stress conditions. The expression of this protein is known to be
upregulated in response to stress such as heat shock or wounding.
Therefore, studying its expression during regeneration, an important re-
sponse to a trauma (amputation), is of great interest. With the use of
molecular biology and in situ hybridization techniques, we have character-
ized the temporal and spatiotemporal expression patterns of Hsp 70. Our
results show that Hsp 70 is expressed during all developmental stages and
that it is upregulated during the limb regeneration process.374. The Axolotl: A Model for Bone Regeneration. Mireille Pilote,1
Mathieu Le´vesque,1 and Ste´phane Roy2. 1Dept. biochemistry and;
2Dept. stomatology, Univ. de Montre´al, Montre´al, Canada, H3T 1J4.
The axolotl (Ambystoma mexicanum) is a urodele amphibian with
unsurpassed abilities to regenerate lost body parts. In fact, urodeles are
the only vertebrates that can regenerate lost appendages throughout their
lives via a mechanism of dedifferentiation of mesenchymal cells. The limb
is a complex structure composed of many type of cells and tissues,
including skeletal element. Curiously, during regeneration, as little as 2%
of cells are derived from bone. This suggests that the new bone is generated
from cells other than the ones in preexisting bone. The principal objective
of this research is to determine the process by which the axolotl can
regenerate and heal bone structures. During normal bone development and
healing, there are many genes and molecules involved. Some of these are of
particular interest: Sox-9 is essential for chondrocyte differentiation, PTHrP
is a peptide hormone with a role in bone maturation and resorption, and
Cbfa-1 is an essential molecule for chondrocyte differentiation into osteo-
blasts. Therefore, to understand better the formation of cartilage and bone
during limb regeneration, we have determined the expression of the
aforementioned genes. The results show that the expression of these genes
correlates with the onset of chondrogenesis. We also demonstrate that
axolotls possess limited abilities to heal their bones following a fracture. A
better understanding of bone regeneration and healing process could open
new possibilities to treat bone fractures and diseases.374. The Axolotl as a Model to Study Cancer Resistance. E´ric Villiard,1
Olga Moiseeva,1 Gerardo Ferbeyre,1 and Ste´phane Roy2. 1Dept.
Biochemistry; 2Dept. Stomatology, Univ. de Montre´al, Montre´al,
Canada, H3T 1J4.
Urodele amphibians (e.g., axolotls) are unique among vertebrates in their
ability to perfectly regenerate almost every part of their bodies (e.g., limbs,
tail, spinal chord, brain,. . .). This outstanding capacity to perfectly regen-
erate tissues is also associated to an important resistance of these animals to
develop cancers, especially in cells participating in the regenerative process.
To understand this resistance, we have decided to study one of the most
important tumor suppressor gene known in humans: p53. This gene is
mutated in approximately 50% of all human cancers. This tumor suppressor
gene has also been shown to play a role in cancer resistance in transgenic
mice. P53 can induce apoptosis and inhibit cell cycle in damaged cells (DNA
damage, hypoxia, redox stress, ribonucleotide imbalance, cell adhesion, and
oncogenes). We have, therefore, cloned the axolotl p53 gene and detected an
increase in the expression of p53 protein following UV irradiation (100 J/m2)
of axolotl cells in culture. These results show that p53 is present in axolotl
cells and its expression is upregulated following UV irradiation. The
characterization of the expression of p53 during the different stages of
regeneration will provide insight on the role played by p53 during this
process and in the cancer resistance phenotype associated with it.376. Shh is a Modulator of Retina Regeneration. Jason R. Spence,
Mayur Madhavan, and Katia Del Rio-Tsonis. Dept. of Zoology,
Miami University, Oxford, OH 45065.
The embryonic chick can regenerate a complete neural retina after its
removal during the early stages of development (HH stages 22–24). When
the retina of a chick eye is removed, and FGF-2 is introduced into the eye
cavity, the retina is replaced either by transdifferentiation of the retina
pigmented epithelial (RPE) cells in the posterior of the eye or from prolifer-
ating progenitor cells in the ciliary body/ciliary marginal zone (CB/CMZ).
Our current study uses cell-specific markers to track the temporal and spatial
nature of regeneration, and to identify the participation of progenitor cells in
the CB/CMZ during this process. Because Sonic hedgehog (Shh) is known to
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examined its function during regeneration by either inhibiting the pathway
using a potent form of cyclopamine KAAD or by overexpressing Shh using
the retroviral RCAS system. We show that overexpression of Shh inhibits
transdifferentiation and helps to maintain the RPE phenotype both during
normal development and during regeneration. Conversely, inhibition of the
Hh pathway increases the domain of transdifferentiation. We have evidence
that Hh functions in RPE maintenance by interacting with the FGF pathway.377. Chx10 as a Regulator of Retinal Stem Cells. Nathalie S. Dhomen,1
Kam S. Balaggan,2 James W. Bainbridge,2 Robin R. Ali,2 and Jane C.
Sowden1. 1Developmental Biology Unit, Institute of Child Health,
UCL, 30 Guilford Street, WC1N 1EH, London, UK; 2Institute of
Ophthalmology, 11-43 Bath Street, London EC1V 9EL, UK.
Chx10 is a homeobox transcription factor required for early eye
development that appears to play a critical role in regulating retinal stem/
progenitor cells (RPCs). In mice lacking the Chx10 gene, proliferation of
RPCs is reduced during development and adult mice have microphthalmia
(small eyes). Here we present new evidence of how lack of Chx10 alters the
behavior of RPCs and show that Chx10 is essential for the normal temporal
profile of cycling cells during retinal development. We have compared the
distribution of RPCs in the wild-type and Chx10 null retina using
incorporation of the thymidine analogue BrdU to label dividing cells.
Immunohistochemical analysis of BrdU labelling together with antibodies
to various retinal cell markers indicates that lack of Chx10 causes dividing
neural progenitors to persist in the adult retina (which is normally post-
mitotic by post natal day 11). To clarify how lack of Chx10 affects the cell
cycle, we used fluorescent-activated cell sorting (FACS) analysis of wild-
type and Chx10 null retinal cells labelled with propidium iodide and found
alterations in G1. To discover which genes are downstream targets of
Chx10 and whether these targets regulate stem cell proliferation, we have
used microarray technology to examine the differential expression of genes
between wild-type and mutant retinas early in development. The signifi-
cance of differentially expressed genes will be discussed.378. Neuro-Specific Regulatory Element of Nestin is Active in Different
Categories of Adult Stem Cells. Anatoli S. Gleiberman,1 Michael G.
Rosenfeld,1 and Grigori Enikolopov2. 1Univ. of California San Diego,
LA Jolla, CA 92093; 2Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY 11724.
Intermediate filament nestin is considered to be a reliable marker of CNS
stem and progenitor cells. However, its expression has been found in several
other cell types. In transgenic mouse embryos, the nestin second intron has
been shown to confer expression of a reporter gene selectively in neural
progenitors (Zimmerman et al., 1994, Neuron, 12:11). Recently, however,
analysis of transgenic mice carrying the GFP reporter driven by the nestin
second intron (Mignone et al., 2004, J. Comp. Neurol. 469, 311) has shown
expression of the reporter in a wider range of cell types than has been
expected. For instance, GFP expression has been found in hair follicle stem
cells of nestin-GFP mice (Li et al., 2003, PNAS 100, 9961). Here we show
expression of the nestin-GFP transgene in a subset of small epithelial cells in
adult mouse liver. These cells are closely associated with bile ducts and are
morphologically very similar to liver stem cells. We also found expression of
this transgene in a specific population of epithelial cells in the intermediate
and anterior lobes of the pituitary. Nestin-GFP-expressing cells in the
pituitary reside predominantly near the cleft that separates the anterior and
intermediate lobes. They do not express any markers of pituitary terminal
differentiation. However, they contain Prop-1 and Lhx3, transcription
factors specific for the developing pituitary. Taken together, our data suggest
that activity of the nestin second intron regulatory element is associated with
several categories of adult stem or progenitor cells of different origin.379. Neuronal Differentiation of Mesenchymal Stem Cells. Jaimie
VandeVyvere and Maria Vrontakis. Univ of Manitoba, Winnipeg,
MB R3E0W3.
The developmental significance of stem cells makes them a primary
research target that may be used to facilitate and understand neuronal
development and regeneration upon injury. While it was originally believed
that adult stem cells were multipotent, recent research indicates that some
adult stem cells, namely mesenchymal stem cells (MSC), may be plurip-
otent. This offers potential for neuronal therapies given the capacity of
MSCs to differentiate to neuroprogenitor cells in vitro. Although these
findings are significant, the literature is inconclusive regarding differenti-
ation mechanisms, functionality of the cells, and characterization of MSC
cultures. Galanin, a highly conserved, 29 amino acid neuropeptide, is
localized to adult nervous and endocrine systems. We have also demon-
strated that galanin is abundant in mouse embryonic mesenchyme and
neural crest. It has been proposed that proliferation during nerve develop-
ment and repair requires a galaninergic environment that may be provided
by galanin secreting support tissue. To determine if galanin is a neuro-
trophic factor capable of increasing the extent of MSC differentiation to
neuroprogenitors and the in vitro survival rate, we have isolated bone
marrow MSC from wild and galanin transgenic mice. Immunohistochem-
ical staining revealed that transgenic MSCs express galanin before neuronal
phenotype induction. Upon application of an induction protocol, the MSC
assumed a neuronal morphology when the media were supplemented with
galanin and fibroblast growth factor in the absence of serum. These
preliminary data support the notion that galanin may be involved in the
differentiation and sustainment of neuronal phenotype of MSCs in vitro.380. Evaluating Calcium Phosphate-Based Biomaterials as Delivery
Vehicles for Human Adult Mesenchymal Stem Cells for Use in
Bone Regenerative Medicine. Christa Y. Heyward,1 Hina Qidwai,1
Amy T. Loveland,1 Phil G. Campbell,2 and John S. Doctor1. 1De-
partment of Biological Sciences, Duquesne University, Pittsburgh,
PA; 2Institute for Complex Engineered Systems and Bone Tissue
Engineering Center, Carnegie Mellon University, Pittsburgh, PA.
We are evaluating attachment, proliferation, and differentiation of
human adult mesenchymal stem cells (hAMSCS) and MG-63 human
osteoblast-like cells on clinically relevant tricalcium phosphate-based bone
void fillers including VitossTM, ChronOSTM, and ProOsteonTM. These
biomaterials have the potential to be used as vehicles to deliver cells to bone
wound sites for applications in regenerative medicine. hAMSCS and MG63
cells readily seed over 90% of all four of the tested bone void fillers under
static culture conditions, and the attached cells proliferate to extensively
cover the biomaterials as detected by DAPI staining and scanning electron
microscopy. The attached cells on all four of the bone void fillers are over
90% viable after 7 days in culture as assessed by Live/Dead staining. Cell
proliferation assessed by CyQuant fluorometric assays showed a statisti-
cally significant several fold increase in cell numbers over the 7-day culture
period for each of the biomaterials. When cultured in the presence of an
osteogenic supplement, hAMSC and MG-63 cells on VitossTM, Chro-
nOSTM, and ProOsteonTM express alkaline phosphatase activity (histo-
chemical staining and biochemical assays), indicative of differentiation into
osteoblasts.381. Expression Profiling of Osteogenesis and Chondrogenesis in
Embryonic Stem Cells. L. A. Davis, N. I. zur Nieden, F. D. Price,
and D. E. Rancourt. Biochemistry and Molecular Biology, University
of Calgary.
Development is based on the coordinated expression of transcription
factors and their target genes. Directed differentiation of murine ES cells into
Abstracts 629osteoblasts and chondrocytes with a few transcription factors and genes has
only recently been reported. Using the mouse model, ES cells are induced to
differentiate in vitro into osteoblasts over 4 weeks under the influence of
ascorbic acid, beta-glycerophosphate, and 1alpha, 25-OH vitamin D3. By
this method, markers of osteoblasts such as alkaline phosphatase, osteocal-
cin, bone sialoprotein, and the osteoblast-specific transcription factor core
binding factor 1 (Cbfa1) are expressed in a time-dependent manner.
Similarly, bone morphogenetic protein 2 is used to induce chondrocyte
differentiation. The expression of extracellular matrix molecules, such as
collagen type IIB, aggrecan, and link protein, characterizes the cartilaginous
embryoid body. Although stem cell therapy has the potential to treat various
diseases, such as arthritis or bone injury, this approach requires the
generation of specific cell types to be precise and cells used for cytother-
apeutics be pure. We are using the Affymetrix microarray platform to
examine gene expression of in vitro osteoblast differentiation. Preliminary
results show murine ES cells differentiated into osteoblasts upregulate genes
involved in vitamin D metabolism along with transcription factors involved
in chondrogenesis. A few growth factors have been validated using
quantitative real-time PCR and used to enhance the yield of osteoblasts or
chondrocytes in vitro. Work is in progress to compare chondrocyte and
osteoblast differentiation.382. Retinoic Acid and BMP-2 Modulate Vitamin D3-Induced Osteo-
genesis in Murine ES Cells. Nicole I. zur Nieden and Derrick E.
Rancourt. Dept. of Biochemistry and Molecular Biology, University
of Calgary, Canada.
Embryonic stem (ES) cells can be forced to undergo various differenti-
ation pathways in response to growth factors and culture additives. Recently,
we have shown that osteoblasts can be differentiated from ES cells with the
addition of ascorbic acid, B-glycerophosphate (GP), and 1a,25-OH vitamin
D3 (VD3). Stem cell therapy has the potential to ameliorate various diseases,
but requires that the generation of specific cell types be precise and that cells
used for cytotherapeutics be pure. Using current protocols, induced differ-
entiation only yields 70–80% mature osteoblasts. However, retinoic acid
(RA) and bone morphogenic protein 2 (BMP-2) possess the ability to induce
osteogenic differentiation in osteogenic progenitors. We were therefore
interested in identifying the effect these molecules would have on ES cells.
ES cells were differentiated with VD3, BMP-2, and RA in various combi-
nations with or without ascorbic acid and GP. After 30 days of culture,
determination of matrix-incorporated calcium revealed that ascorbic acid and
GP are absolutely necessary for mineralization of the cells. Real-time
quantitative PCR was applied to analyze the expression of some bone matrix
genes, such as osteocalcin, bone sialoprotein, alkaline phosphatase, and
Cbfa1. Interestingly, RA increased VD3-induced expression of these marker
genes whereas BMP-2 decreased VD3-induced osteogenesis. This effect was
shown to be concentration-dependent. In the future, both VD3 and retinoic
acid may be applied together to yield a higher purity of ES-derived
osteoblasts, which paves the way for in vivo transplantation of these cells
without risking teratoma formation.383. Mechanisms of Myofibroblast Differentiation and Apoptosis:
Transgenic Mouse eGFP Culture Model. C. Bertolotto,1 V. Ubal,1
S. Wachsmann-Hogiu,2 D. Acuna,1 A. Piroozi,1 R. DeAraujo,2 A.
Moghimi,1 and C.F. Simmons1. 1Dept of Pediatrics; 2Dept of Surgery,
Cedars Sinai Medical Center/UCLA.
Background. Myofibroblasts are specialized mesenchymal cells that
contribute to chronic fibrotic disorders. The molecular mechanisms of
myofibroblast differentiation and apoptosis remain poorly understood. We
developed a transgenic mouse line expressing EGFP in myofibroblasts
driven by a smooth muscle alpha actin enhancer. Objective. We hypoth-
esize that differentiation and apoptosis of myofibroblasts can be quanti-tated by real-time confocal fluorescence microscopy. Design and methods:
Immortalized fibroblast cell lines were established by transfection with a
temperature-sensitive SV40 large T antigen. Differentiation was induced
and EGFP expression was quantitated. Apoptosis was induced by
photodynamic laser exposure or proteasome inhibitor (lactacystin) expo-
sure, and real-time confocal fluorescence microscopy was performed for
EGFP, propidium iodide, and Annexin V fluorochromes. Results. Myofi-
broblast differentiation induced a 100-fold increase in EGFP fluorescence.
Myofibroblasts exhibited intermediate filament heterogeneity. Photody-
namic laser exposure or proteasome inhibition induced fluorescent ag-
gressive formation, nuclear propidium iodide uptake, and cell death.
Conclusions. These results demonstrate that primary and immortalized
fibroblasts can be cultured from an alpha smooth muscle actin EGFP
transgenic mouse line and stimulated to differentiate into fluorescent
myofibroblasts in vitro. These cells can be specifically stimulated to
undergo cell death involving the ubiquitin–proteosome–aggresome sys-
tem (CFAs HD33775).384. Enrichment of Pancreatic Progenitor and Beta Cells from Mouse
and Human Embryonic Stem Cell (ESC) Cultures. Victoria L.
Browning,1 Brenda W. Kahan,1 Nathan R. Treff,1 Robert K. Vincent,1
Lynn M. Jacobson,1 and Jon S. Odorico2. 1University of Wisconsin-
Madison School of Medicine; 2University of Wisconsin-Madison
School of Medicine and WiCell Research Institute.
Type I diabetes is an autoimmune disorder characterized by destruction
of pancreatic islet B cells. Transplantation of whole pancreas or isolated
islets is an effective treatment for restoration of euglycemia, but the lack of
available organs and need for immunosuppressive therapy restrict their
application. We have shown that under non-selective conditions, mouse and
human ESCs can differentiate into cells of the pancreatic lineage, including
cells that express pancreatic duodenal homeobox 1 (pdx1) and insulin.
These ESC-derived cells could circumvent the need for donor organs, but
the rate of spontaneous differentiation is low. Here, we describe experi-
ments aimed at enriching pancreatic progenitor cells in differentiated ESC
cultures by three methods. First, we are using magnetic activated cell
sorting (MACS) with a variety of antibodies to eliminate unwanted cell
types and enrich for desired cell types. Second, we are ectopically
expressing transcription factors known to be involved in pancreas devel-
opment to test whether they can promote adoption of pancreas cell fate by
ESCs. Third, we are generating transgenic ESC lines carrying fluorescently
tagged genes driven by pancreas gene promoters which, after differentia-
tion, can be sorted by flow cytometry. In each line of experimentation,
purified cell populations will be analyzed by quantitative PCR and
immunohistochemistry to examine expression of genes known to be
required for endoderm and pancreas development.385. Human Keratinocyte Stem Cells Support Mouse Tooth Formation.
Yanding Zhang,1 Chao Liu,1 Jie Zhang,2 Wei Liu,2 YiPing Chen,3 and
Yilin Cao2. 1College of Bioengineering, Fujian Normal University,
Fuzhou, Fujian, China; 2Shanghai Tissue Engineering Center, The 9th
People’s Hospital, Shanghai, China; 3Department of Cell and Molec-
ular Biology, Tulane University, New Orleans, LA 70118.
Mammalian tooth development depends on the interactions between
epithelial and mesenchymal tissues. In mice, odontogenic potential shifts
around E12 from dental epithelium to mesenchyme that is able to induce
tooth formation when recombined with non-dental epithelium. Skin epithe-
lial stem cells are essential for epithelial cell renewal and regeneration. In
this study, we tested whether keratinocyte stem cells (KSC) could function
as an epithelial component to support tooth formation. Keratinocytes were
isolated from human circumcised foreskins of young age. KSCs were
enriched via cell adhesion to Type IV collagen-coated dishes and were
Abstracts630grown to confluent. Sheets of KSCs were recombined with E13.5 mouse
molar tooth mesenchyme, followed by subrenal culture in adult nude mice.
Histological analysis demonstrates formation of teeth in the recombinants.
The mouse–human chimeric tooth contains well-differentiated dentin and
dental pulp, but lacks enamel. Epithelial cells remained cuboidal shape and
apparently did not develop into polarized ameloblasts. In conclusion, our
results indicate that human KSCs may function as a permissive tissue
component, when confronted with dental mesenchyme, to support tooth
formation. KSCs will be a potential source of epithelial component for in
vitro tissue engineering of implantable human teeth in the future. (Sup-
ported by the NSF of China, 30270652; Department of Science and
Technology, Fujian, China, 2002I006.)386. The Characterization of Differentiating Wild-Type and Mutant
Trophoblast Stem Cells. Jennifer A. Quinn,1 Mark Kibschull,2 Elke
Winterhager,2 and Janet Rossant1. 1Samuel Lunenfeld Research
Institute, Mount Sinai Hospital, Toronto ON, Canada; 2Institute of
Anatomy, University Hospital, Essen, Germany.
The trophectoderm is one of the earliest cell types to differentiate in
the developing mammalian embryo. It is responsible for the initial
implantation of the conceptus and the formation of the trophoblast
components of the placenta, an organ essential for nutrient and waste
exchange between the fetus and its mother. Trophoblast stem (TS) cells
have been developed as an in vitro model of the trophectoderm lineage in
the differentiating placenta. However, it is unclear whether they differen-
tiate into all cell types of the placenta in vitro. We have created a
transcriptional profile of differentiating trophoblast stem cells using real-
time quantitative PCR to measure the expression of key genes, which are
characteristic of the spongiotrophoblast, labyrinth, and giant cells. The
results of this study have shown that as TS cells differentiate they express
markers of each of these cell types in a manner that mirrors in vivo
development. We then analyzed gene expression during differentiation of
two mutant TS cell lines Mash2 and Cx31 that lack the spongiotropho-
blast layer in vivo. Initial studies indicate that the mutant TS cell lines
express labyrinthine and giant cell markers of differentiation at an
accelerated rate when compared to wild-type cells and lack markers of
the spongiotrophoblast. Further analysis of gene expression in mutants
versus wild-type TS cells should elucidate the genetic hierarchy of control
of spongiotrophoblast differentiation.387. Characterization of the Progenitors for the Mouse Anteroposterior
Axis. Noemi Cambray and Val Wilson. University of Edinburgh.
Elongation of the mouse anteroposterior axis depends on a small
population of progenitors initially located in the primitive streak and later
in the tail bud. Gene expression and lineage tracing have shown that there
are many features common to these progenitor tissues throughout axial
elongation. There is strong evidence indicating a stem cell progenitor for
the myotome and the spinal cord in the primitive streak and its descendant,
the tail bud. However, the identity and exact location of the progenitors are
unclear. Previously, we have shown by lineage tracing and grafting experi-
ments that (1) the tail bud contains distinct lineage compartments and (2)
one of these compartments, the chordoneural hinge, contains candidate
stem cells that can be regrafted into the primitive streak of earlier embryos
and incorporate well in the host axial tissues, while still retaining progen-
itors in the tail bud after 48 h of culture. Using in situ hybridization, we
show that lineage compartments at both early and late stages map to distinct
regions of gene expression. In the above experiments, all donor tissues were
placed in the region of the border between the node and the streak. Our data
suggest that this region is equivalent to the axial–paraxial hinge region
described in the chick. We are currently attempting to distinguish three
possibilities: (1) this region is equivalent to a stem cell ‘‘niche’’, (2) itcontains the stem cells, or (3) both are true. Homotopic and heterotopic
grafts of this region and the ones surrounding it along with further
characterization of the potency of these regions by grafting under the
kidney capsule of adult mice are currently underway. Results of both
experiments will be presented.388. Characterization of Presumptive Myogenic Stem Cell Populations
in the Electric Fish S. macrurus. Christopher Weber, Louiza Dudin,
and Graciela A. Unguez. NMSU, Las Cruces, NM 88003.
The adult electric fish S. macrurus is unique among vertebrates in that it
can regenerate its tail including spinal cord, skin, skeleton, muscle, and
electric organ (EO). Previous BrdU incorporation data suggested that stem
cells associated with muscle and EO are the primary contributors to the
blastema. Elucidation of the cellular origin of the regeneration blastema in
this animal is critical, since it may not solely depend on dedifferentiation of
mature tissues as observed in urodele amphibians. We are using an
immunohistochemical approach to study myogenic stem cells in adult
and regenerated tails of S. macrurus. Serial transverse and longitudinal
cryosections of adult control tails (n = 2) and regenerated 1-week (n = 4)
and 2-week (n = 6) blastema were labeled with antibodies against m-
cadherin, Pax-7, and myosin heavy chain (MHC). In adult tails, the m-
cadherin label was restricted to skeletal muscle whereas the Pax-7 label was
found in muscle and EO. In both muscle and EO, the m-cadherin and Pax-7
label was associated with satellite cell-like structures. In 1- and 2-week
regenerated blastema, the m-cadherin and Pax-7 label was found in
developing muscle fibers and immature electrocytes (cells of EO), which
are also anti-MHC positive. These results suggest the existence of distinct
populations of stem cells in muscle and EO that may contribute to their
formation during regeneration. Interestingly, Pax-7 also labeled cells in the
dorsal half of the adult and regenerating spinal cords. The role of Pax-7 in
specific muscle and neuronal lineage determination may be conserved in S.
macrurus. (Supported by NIH grants RR16480-01 and S06-GMO8136-27.)389. Role of Msx Genes in Tail Regeneration in the Weakly Electric
Fish, S. macrurus. Audrey S. Clinton,1 Stephen J. Tapscott,2 and
Graciela A. Unguez1. 1Biol. Dept., NMSU, Las Cruces, NM; 2Human
Biology, Fred Hutchinson Cancer Research Center, Seattle, WA.
Postembryonic epimorphic regeneration of complex body parts is
thought to be an ancestral trait in the Metazoa. But the cellular and
molecular correlates of regeneration are mostly unknown, since regener-
ation is uncommon to most genetic model systems. Our comparative
approach includes a new model system to identify the potentially
common mechanism(s) underlying epimorphic regeneration across taxa.
The electric fish Sternopygus macrurus can fully regenerate its tail
following amputation. A regeneration blastema forms beneath the wound
epithelium, and all tissues—spinal cord, skeletal muscle, skin, vertebrae,
and electric organ (EO)—are replaced in 3 weeks. Msx genes play a key
role in tissue dedifferentiation during regeneration in amphibians and
fish. We have cloned the full coding sequence of an Msx-like gene from
S. macrurus. RT-PCR analysis revealed the presence of the SternoMsx
transcript in total RNA from 2-week regeneration blastema, but not in
adult muscle, EO, liver, or brain, suggesting a role for the SternoMsx
gene in tail regeneration. Sequence alignments and parsimony-based
gene-tree analysis of 34 full-length Msx sequences revealed that the
SternoMsx protein is most similar to zebrafish MsxD. The alignments
revealed the presence of conserved sequence motifs in addition to the
homeodomain. Contrary to previous studies in which zebrafish MsxA-E
were more closely related to each other than to other vertebrate Msx’s,
our gene tree analysis suggests that zebrafish Msx’s are a polyphyletic
group. (Support: NIH 1-U56Ca 96286-01, NIH SO6-GM08136-27, and
NSF SBE-0123690.)
